WO 2011/ 151719PCT/ 1B2011/ 001229 ANTI REFLECTI VE COATI NG COVPCSI TI ON AND
PROCESS FOR MANUFACTURI NG M CROELECTRONI C DEVI CE The present
inventioQNbgkg%gélgo a novel absorbing bottom antirefl eglirdg,GPafbne
conposition A ’3. The antireflective coating conposition conprises a 5
bl end of two polyners chosen so as to give a hydrophobic acidic top |ayer
for the BARC. The invention further relates to a process for inmaging

phot oresi st coated over the novel antireflective coating.
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the use of new photoresists that are sensitive to shorter and shorter wavelengths
of radiation and has also led to the use of sophisticated muiltilevel systems to
25 overcome difficulties associated with such miniaturization. Absorbing
antireflective coatings and underlayers in photolithography are used to diminish

problems that result from back reflection of light from highly reflective substrates.



Conventional single |layer BARC s are not adequate in the controlling
reflectivity to less than 1% for all incident angles in |lithographic

applicati the NA exceeds 1.0 Abdallah et al., ' f SPIE
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using the novel conposition to forman inmage. 20 Brief Description of
Dr awi ngs Fi gur €anventiopalEsiaglsl yepfBABRE@re nair adaqusteunethe sortv@llimxanpl es
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PS5 Fi gur e vihesbthie NAxexgeetis 10 Abdalialpketal sProceedings of SPIE Vol. 5753 (2005),
pages 417-435. Graded BARC’s with tuned n and k values offer improved
20 reflectivity control. Initially, such materials were based on inorganic films
prepared using Chemical Vapor Deposition CVD as in US 6,297,521. More
recently, (Brodsky et al US 7,588,879 B2) graded organic BARC’s have been
described that can be formed in one spin coating operation from a mixture of two
polymers that phase separate from each other and have different optical
25 properties. Immersion and Double patterning/immersion lithographies are some
of the most useful and important technologies for manufacturing devices,
particularly for 32 nm feature imaging and beyond in the integrated circuit
industry. It is desirable to have antireflective coating compositions where BARCs
which have finely tuned BARC wetability by developer after exposure and

30 minimal undersirable exchange interaction between BARC and photoresist is



WO 2011/ 151719PCT/ 1B2011/ 001229 Det ai |l ed Description of the Invention

The present invention relates to an antireflective coating conprising a

m xture qQf Q%Lﬁﬁ?ﬁB 2 polynmers. The antireflective coat%egﬂﬁﬂﬁggﬁkﬁjon
conpri ses 8 at least a first polyner and at | east a second pol yner
different fromthe first polymer. The first polynmer conprises at |east one
unit with a fluoroal cohol noiety, at |east one unit conprising an acidic
noi ety other than fluoroal cohol, and | east one unit with an aliphatic

al cohol. The unit with the acidic noiety may be an imde or aromatic

al cohol (such as phenol, naphthol, etc). In one enbodinent, the 10 acidic
noi ety maycritiae for pd@od Hithdgraphicg pedbrrsimee, 8udhl.asThrefléctivity pomtyoteanday
further copprise at | east one unit conprising an araomatic noigty. The novel
composi t1 o CUBHEPIEEILC Aty GRREHaNY FEMMARIAT 720 dogaPRAtErRelBierddl . | on
product of jjiaggphrep! ast compound with a reactive conpound conprising at

| east one hydroxy group and/or at |east one acid group. |In one enbodi nent
the 15 reacti verR@nprisaAt CREIRY | aRfirefleblivaTDécatingdIcOpaaitRIMDSs ( REENUNYfF OXY
conpound or polyol), a conpound containing 2 or nore acid groups (polyacid
conpourfd) , inynessiany Hithegrephy oasdwebneai HNmgraien hhtaogwhmugiﬂj Rattexdng

group. The (o] 1 i ; or
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20 second matching that dfethe phodoresisb hised tihammeérsiohi litbognaphyrbut alshusasaél owi ng
the first of polymer to magrate towards_the surface of the,coated filmfrom
t he novel %‘?ﬂcfr%ﬁ%t?%ec%gﬁi ﬁ%"egg‘?ﬁfoéft?f SRPOTHE %V%PICEOFPSO?F%I?%R!E#S
capabl e of ph&tbrasid had geRiBddripkit péedranhce, eirkrfrby of sa@hiand ddfedts. t here

is a gradation in the refractive index and absorption in the film The
antiref ective conposition further 25 conprises a Thermal Acid Generator

(TAG whosg &yﬁh&g;lo?ﬂwﬁ' Svbignhance cross-linking. The solid conponents of

the conposr%‘o _ ~in an organic solvent. The novel

ant i refl ective £0at), 0% AMONId] POARATY bACSNRENLARE! oo 8biERSR @ 11 st
d polynmer. e

pol ymer and a seco Irst polyner conprises 30t hree repeat
units, at medsete ona fiedt feilymert ahd assecomd pdlymer, and Adhetmalnacidfgengraiond/ or
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i mde noi efouctifid gréddet BN BIrinopidist coRPRUNA! With & B8RMORhUEdmprising at

least one hydroxyl and/or at least one acid group. The invention further relates to

a process for using the novel composition to form an image.
20

Brief Description of Drawings

Figure 1 shows Examples of monomers for P1
Figure 2 shows Examples of monomers for P
Figure 3 shows Examples of monomers for P3.
25 Figure 4 shows Examples of monomers for P4
Figure 5 shows Examples of monomers for Ps

Figure 6 shows Examples of aminoplasts



10 ioni zabl e aryl hydroxy noiety; P5 is an optional nononeric repeat unit
conprising an aryl chronophore noiety; u, v, w, X, y are representative of
t he nol G%Brﬁgﬁ%ﬁh@n of repeat units in a polyner chai npaRdp¥Ehfiasy V. are
greater than | east one of wand x is greater than zero and y is zero
or greater. P2 is a nonfluorinated aliphatic alcohol. In one enbodl ment the
pol ymer conprises Pl, 15 P2, P3 and optionally P5. In another enbodi nent

t he pol yner conprises P1, P2, P4 and optionally P5. In another enbodi nent

t he pol yner conprises Pl1, P2, P3 and P4, and optionally P5. In the
first polynmer, the unit Pl conprising the fluoroal cohol noiety nmay be
derived fromthe nononer unit having structure 2 where X is ethylenic or 20
substituted ethyl enic noi et%’emhl ch forms the backbone of the polyner, Rfi
and Rf2 arRetaigd hasseption,obthellnwemion) - c6) al kyl group and Wis sel ected from
a direct val ence bond and a spacer group. Exanples of a spacer group are

al kyl , al kyl esthe present inyenfiqoyrelaies ta rnuartirefleEiveocoatinge ceMpiisBAi 8 gr oup
may be sub t I I I re
speci fi cal ﬁ“hﬁ%l&dat%gét i(élro lyvecI¥ Ehéra%‘ﬁn%%;gvn%?: gétl(ﬁ/d str Egﬁﬁ{)gscsgﬁmdst@S and
6, V\D&Oléjl Ib&%ﬁhgﬂ@/pbﬁﬁﬂérléﬂtﬂ)m%as%Rfecoﬁdfpdlyrﬂar diffezent fwhey EheRﬁ[stRZ and

R3 are |nd ende | ected from h and al k 5 R4.i.s

(Cl1- Clo) al Ym&F gfngv %’P?Bﬂ'ytfﬁé 06‘1'1&3"38%(? P‘%&P&‘? “P& W%@”B’ Iﬁﬂh‘" H‘&b‘?ﬁ”hyn
R5 is a diseehst/ene AR ddaislisiHg ansa@mmométvtmhemheﬂada@alsmeangnm may
be al kyl, alkyl ester, aryl, aralkyl; Rfi and RF2 are |ndependentl

f 1 uor o{ C1-@% Hﬂ'kwthmthQEé‘Mgl  uniipwidirthe agidiemgiely may bear i ‘énd t he
like); R6 gng dﬁ?{a&r %ndof%s@&m\ea&' e“n?su e?];ﬁ'ﬁhcf)lr%hMHr&Qae@mtfo@i]rn@I{o)th@' kyl

group, an ary nol et ch ‘as phenyl naphthyl)
(C2- 05)car amdlylmmym toply hayvech pKe icdze 0aigelof) abai -1 C2Tesfirst @pbmgn ma¥uch as

fornyl, acgt I les, of , R4 are. || .(C Kk ( as
met hyl , etﬁ'ﬂ#‘? r?OBIp(SIS I?t Ierﬁsgr?@ﬁeam &?ﬂﬁ{%r‘,&% %QI %?(r?%éalc ﬁ-lsuc ggel @%{%:opyl

i sobutyl ), cdripoditich @paiprises! k)ﬂecghdqﬁblf{muc twhiish dy ca qhﬂymér,lzatly)nl Ezetioy| ) .
Exanples of R5 are a di rectI val ence bond or a spacer group such. 15 as those
sel ected fRGANSE P @BaRMIIOPIASE ROMRAUNE With @ JERCUME fRf &econé?rfﬁ/‘%ﬁz)

br anched %Isézd&Il@h9&%x9jg¥a>u;9éﬁhkﬁlléfyé@é%%néc&.@b%up qn‘bm’bré‘rln%ém‘ié?ﬂ(tﬁé group
(C6-C14) (such as I"ene, napht hyl ene). Further exanples of R6 and R7

are a9 ner@acw&wmgﬁw@cqmpn&@? orm@myﬂ@mwps (ee!Miyydroxy peppound

Al iyl o out RG24 RolrpBufd LonlaHi] 23 mHR"RRY grodeRo ol BapBAE, T |
and t hr ougdroarhybiik gompetind s:ohtalmmgdmth ab1ydrmtyemhd ap dcidcgmupiil ke weesnd

th f 1 sh f 1 I f fl | cohol
i oty bedtMHBSonoERE |1 GHARNCEN wolidHEE dord DERTNRIPERKEhEa: “Bh 1

from the ggfiplomethylenéhydréxy moieties (N-CH,-OR, R=alkyl or H). Furthermore, the

20 second polymer is less hydrophobic than the first polymer, thus allowing the first

of polymer to migrate towards the surface of the coated film from the novel
antireflective coating composition. The novel composition is capable of forming
an optically graded antireflective coating where there is a gradation in the
refractive index and absorption in the film. The antireflective composition further
25 comprises a Thermal Acid Generator (TAG) whose function is to enhance cross-
linking. The solid components of the composition are dissolved in an organic

solvent.

The novel antireflective coating composition comprises at least two
polymers, a first polymer and a second polymer. The first polymer comprises

30 three repeat units, at least one of P4, at least one of P, at least one of P3zand/or



In the first polyner, the unit P2, which is the repeat unit conprising the
25 aliphatic alcohol group is derived fromthe nmononmer having structure (7)

where R1,wB3011@33¢713, are as described previously, R4 ipeThishhpgap2or an
(Cl-C10) al kyl WD 2011/ 151719PCT/ 1B2011/ 001229 group, and R9 is sel ected

froma direct bond and a (Cl-Cl2)al kyl spacer group. RO may be an al kyl ene
spacer group (C1-C10) such as nethyl ene ethylene (-CH2-, - CH2CH2-), a
branched al kyl ene spacer group (C3-Cl2) such as (-CH(CH3)2-), a cyclic

al kyl ene spacer group (such a cyclopentyl or cyclohexyl ring). Figure 2 5
shows specific exanpl es of nonomer structures fromwhich the P2 unit could
be deri vedPs, gnd) an@plinnalheepat snit (Bk)y nEhe compasition ei3thigetinst pglymer typei zabl e

i m de pol ymer er | V& t wo possi bl e nononer structures
(8 and/ or rgfyeé?&lgﬁ%?#gyglq €°"§ H‘&cf“i"% e where RO is a direct val ence
bond or an (C1-Cl10) al kylene group Structure 9 is a noncyclic imde where
Rl, R2 and Lngepe ﬁl et ez ‘1 fro hydr ogen and (Cl-C4) al kyl,
R'4is a I ned 1- C?LO)ZM kyl3gr)s dr 4) aryl moiety (such as

phenyl ,_ napht hyl ). Exanpl es 8& RO are a Ilnear al kyl ene spacer group
(C1- C3)5, (such as nethyl ene, 'ét hyl ene) or a branched al kyl ene spacer group
(C2-C10).

where P; is a monomeric unit comprising a fluoroalcohol moiety, P, is a

monomeric unit comprising an aliphatic alcohol group; P3 is a monomeric unit
comprising an imide moiety; P4 is a monomeric unit comprising a base(alkali)
10 ionizable arylhydroxy moiety; Ps is an optional monomeric repeat unit comprising
an aryl chromophore moiety; u, v, w, x, y are representative of the mole%
proportion of repeat units in a polymer chain and where u,v, are greater than 0, at
least one of w and x is greater than zero and y is zero or greater. P; is a
nonfluorinated aliphatic alcohol. In one embodiment the polymer comprises P4,
15 P, Pzand optionally Ps. In another embodiment the polymer comprises P4, P2, P4
and optionally Ps_In another embodiment the polymer comprises P4, P,, Pz and

P4, and optionally Ps

In the first polymer, the unit P, comprising the fluoroalcohol moiety may be

derived from the monomer unit having structure 2 where X is ethylenic or

20 substituted ethylenic moiety which forms the backbone of the polymer, Rfy and
Rf, are independently a fluoro(C4-Cs)alkyl group and W is selected from a direct
valence bond and a spacer group. Examples of a spacer group are alkyl, alkyl
ester, aryl, aralkyl and mixtures thereof. The ethylenic group may be substituted

by alkyl, aryl, alkylester, alkylcarbonyl, etc. More specifically, Py may be derived

25 from monomers of structures 3, 4, 5 and 6,



Specific non limting exanpl es of possible nononers fromwhich the unit PS3,
the i mde bearing ionizable noiety, would be derived based on Structures 8
and 9 ar eyghevwmsiioFi gure 3. WO 2011/ 151719PCT/ 1B2011/ 88438 11/001220 | n the
first polyner, the unit P4 is derived fromnononer units (10a) or nonomer
unit (10b), where Ar is independently an aryl noiety such as phenyl,

napht hyl , anthracenyl and the like, RL R2, R3, R4, R5, Fts, and R7 are as
previ ously described and has at | east one hydroxyl substituent (n=1-3 in
structure 5 10a and 10b). Figure 4 shows specific non restrictive exanpl es
derived fromstructure 10a and 10b. O RA, (OH)n 0/-u-(10b) 10In
the first polyner, the optional unit P5, is a chikonfphore repgat wpit and
is derived fromeither the nmononer unit (11) or nononer uniFtey(12)

where Ar is independerfl yrRan aryleneégggftles su% phenyleﬁe

napht hyl ene, aMt hracen ne, R4, RS, IR6 d R7 ar :‘

previ ously de | bed. RRA M ot hydr oxy 15 Fig 5 shows exanpl es of

nononer s of st ucture (P1) antk (12) whi be used Yo formthe pol yrrerl C
unit P5. 20l /qm enbodi merggQf the fs ‘e of pq# r, the rﬁl\é
conprise re érl ved frop,bnagorrer , P2 aneg as de%fcbh

herein. In one enbodlnent the first polyner IS,
2 3 (4) (5)

where R;, Rz and Rj are independently selected from hydrogen and (C4-Cy)alkyl,

5 Ryis a (C4-Cqg)alkyl group or an (Cg-C14) aryl moiety (such as phenyl, naphthyl),
Rs is a direct valence bond or a spacer group, where the spacer group may be
alkyl, alkyl ester, aryl, aralkyl; Rf; and Rf, are independently a fluoro(C+-Ce)alkyl
group (such as CF3, CF,CF3, CH(CFs3),), CF(CF3)2) and the like); Rg and R; are
independently selected from hydrogen, (C1-C1o) alkyl group, an aryl moiety (Ce-

10  Cy4) (such as phenyl naphthyl), a (Cx-Cg)carbonyloxyalkyl (such as CO,-OCHj3),
and (C,-Cg) carbonyl (such as formyl, acetyl). Examples of R4 are linear (C;-
Cio)alkyl group (such as methyl, ethyl, n-propyl), branched (Cs-C1o)alkyl group
(such as isopropyl, isobutyl), (Cs-Ciz)cyclic alkyl group (such as cyclohexyl,
cyclopentyl). Examples of Rs are a direct valence bond or a spacer group such

15 as those selected from a linear alkylene (C4-C1o) (such as methylene, ethylene),
branched alkylene (Cs-Cy2) cycloalkylene (Cs-Cq2), and arylene spacer group
(Ce-C14) (such as phenylene, naphthylene). Further examples of Rg and Ry are a
linear alkyl group (C41-Cq9), (such as methyl, ethyl, n-propyl), branched alkyl group
(C3-C+0) (such as isopropyl, isobutyl) and a cyclic alkyl group (Cs-C42) (such as

20 cyclohexyl, cyclopentyl). Generally herein and throughout alkyl refers to linear,
branched, cyclic or mixtures thereof. Figure 1 shows specific non-limiting
examples of fluoroalcohol moiety bearing monomers from which would be

derived the P4 repeat unit from the general structure 2.

In the first polymer, the unit P, which is the repeat unit comprising the
25 aliphatic alcohol group is derived from the monomer having structure (7) where

R1, Ry, and Rj, are as described previously, R4’ is hydrogen or an (C4-Cqg)alkyl



(13) The first polynmer may be represented by, R HO Rf2(14) (15) In
anot her enbodi nent of the first type of polyner, the polyner be and nore

speci fi calybyo11/151719 PCT/IB2011/001229

group, and Rg is selected from a direct bond and a (C4-C42)alkyl spacer group. Rg
may be an alkylene spacer group (C4-C40) such as methylene ethylene (-CHo-, -
CH,CH.-), a branched alkylene spacer group (C3-C42) such as (-CH(CH3)2—), a
cyclic alkylene spacer group (such a cyclopentyl or cyclohexyl ring). Figure 2
5 shows specific examples of monomer structures from which the P, unit could be

derived.

10
In the first polymer, the unit P3bearing the ionizable imide polymer repeat

unit is derived from two possible monomer structures (8 and/or 9). Structure 8 is
a cyclic imide where Rj is a direct valence bond or an (C4-C40) alkylene group.
Structure 9 is a noncyclic imide where Ry, R, and Rj; are independently selected
15  from hydrogen and (C4-C,)alkyl, R4 is a linear (C1-Cqp)alkyl group or an (Cs-C14)
aryl moiety (such as phenyl, naphthyl). Examples of Rg are a linear alkylene

spacer group (Cq-C3), (such as methylene, ethylene) or a branched alkylene

spacer group (C2>-Cqo).
— R1 R3 R"4
JN R
\ 2 NH
20 O H g o (9)

Specific non limiting examples of possible monomers from which the unit P3 the
imide bearing ionizable moiety, would be derived based on Structures 8 and 9

are shown in Figure 3.



WO 2011/ 151719PCT/ 1B2011/ 001229 Rfi HO Rf2(17) The structure for the
polynmers resulting fromthe polynerization of four specific

nonormer siweRyppkkAexaf | uor oi sopr opanol met hacryl at e, mal eip@irdg201P001229

hydr oxypr opyl nethacrylate and styrene is shown in (18). CF HO CF3 (18)
10The first type of polynmers of this invention may be synthesized using any
known net hod of pol ynerization, such as free-radical polynerization using a
catal yst. The polymer may be synt hesi zed using solution, enulsion, bulk,
suspensi on pol ynerization, or the |like. The polyners of this invention are
polynerized to give a polymer with a weight average nol ecul ar wei ght from
15 about 1, 000 nothgbirst pelyNMETOtheppnib Ryos deyiveg Fom. nmpRemes| usils| @Oapdr ght i s

chosen suc | Y, ; Lfarnl: I(,ed
hi ckness pn@er YR (1065 wiRde AT fiihendBify 4 shi bk uel Sg HRhyE
pol ydi spermsaghthyiMvahthracényl hend the like, R1 Rz, Ra, R4, Rs, R, and Ry are as
previously described and has at least one hydroxyl substituent (n=1-3 in structure
5 10a and 10b). Figure 4 shows specific non restrictive examples derived from

structure 10a and 10b.

Re :R3 Ry R3
R, Ar—_(OH)n R?Z;\O—RFAF(OH)n
Ry (10a) o (10b)
10 In the first polymer, the optional unit Ps is a chromophore repeat unit and

is derived from either the monomer unit (11) or the monomer unit (12), where Ar
is independently an arylene moieties such as phenylene, naphthylene,
anthracenylene, Ry Rz, R3, R4, Rs, Rs, and Ry are as previously described. R, is

not hydroxyl.

L Ve U
CTATT (12

R (11) o

15

Figure 5 shows examples of monomers of structure (11) and (12) which may be

used to form the polymeric unit Ps.

20 In one embodiment of the first type of polymer, the polymer may comprise
repeat derived from monomer units P4, P, and P3; as described herein. In one

embodiment the first polymer is,



free-radical polyners, where Mvis the weight average nol ecul ar wei ght and
Mh is the nunber average nol ecul ar weight, can range from1.0 to 10.0,
where they 1,711%151719PCT/ 1B2011/ 001229 nol ecul ar m%@'i‘}lﬁziﬁim&lafb pol yrer
may be det erm ned y gel perneation chromatography. he novel
conposition of the present invention conprises at |east two polynmers which
phase separate fromeach other with the first polynmer going 5 predom nantly
to the surface of the coated film The surface of the filmcontains a snmall
amount of the second pol yner which crosslinks with the first polymer, thus
curing the entire film Therefore, a concentration gradient is present in
the top portimn ok, the fil mi&d t hR¢ he surface containing the highest anount
of the first r %mof the filmcontaining the highest
anount of theRse gffrer . SAddi tionally, the two types of pol ymers
forma cross-lin eané'Fv!brk duri rfg baki ng such that the coating is
resistant to spi n\Qaé)tl nd® sol vens of the photoresist coated over the novel
coating. The surfac® of the BA filmis wetable by aqueous al kal i ne

devel oper, espedi’ Y after exposﬁfe nd during devel opnent, thus

m ni m zi ng scunm”ﬂg ahd footing of tﬁ@z )i maged photoresi st 15 features
formed on the surface of novel BARC film Furthernore, the optical

const ant s, H}ﬂ% yion, of the first and second

pol ymer s aTrHeeeﬁsr%FﬁéI? t he cﬁeﬁéﬁ?ﬁﬁ%has graded optical constants through
the BARC fil mgiving optinal ant| reflective characteristics. The

conposition Hanga of Pl re n|t in the first type of polymer ranges 20
f rom about oA nore specific conposition range is
about 35 to abo m) 9 HThe 3 and/or P4 polyner repeat unit bearing a
base i oni zabl é’ I’OVI des @ood aqueous base wetability during

devel opnent in ue us al kall e developer. P3 and/or P4 is in the range

of about 15 to ab 45 ol e% about 20 to about 30 nole% The total

nol e% conposi ti g f 25 repeat uffts P1 and P3 and/or P4 the fl uoroal cohol

beari n and |on| J;%\ noi eti es respz%gvel y can be between 30 to 80 nol e%
to 70

or a r nge of 5 nol e% The r provi des good aqueous base

wetability while still allowngthefirst type of
o} CH;, o
CH2 HO CH,
CF3
HO CF; (15)

In another embodiment of the first type of polymer, the polymer be

B atodass:

O \
O Rs R,
Rs
Rf17< HO R4
HO Rf; (16)

and more specifically,



polymers to mgrate to the surface of the polynmer blend. The total nole %
conposition of P2 is 10 to 40% or 15 to 35% The optional P5 pol yner repeat
30 units Weanim@1aoUVY absorbing noieties may have a compesibranosiasnge of O
to 20 nole % A conposition range of 5 to 15 nole % may be used when
present. This unit may be used to finely tune the optical constants so as
to provide nmaxi mumantireflective properties. 5 The antirefiective coating
conposition is preferably capable of formng a filmwhere the filmhas a
wat er contact angle in a range of about 65-85. The antireflective coating
conposition is preferably capable of formng a filmwhere the filmhas a
contact angl eyl n R range of aboutR,55- 63 i nHan aqueous al kal i ne devel oper.

10 The or nvention is preferably chosen
to have a ra t hyg

whi ch provi de base separat i

The first polyner efelably has ont a

r of about 65-85 or about 70-80
om t he second type of pol yner.

C gle with aqueous al kal i ne
devel oper of 55- Re5 af t er the imaging p ss, that is after exposure
and devel opnent . devel oper typically an tetranethyl ammoni um

hydr oxi de or 2.3 we g t%tetrarﬁﬁ h;ﬂl'brrrmnr um hydroxi de. to the novel
conposition mni®Zss footing and scumming of features inaged in

phot or esi st coat &P offzt he BARC. Furt her nore, t(he) range of n and k at 193 nm
for the first polynmer should be 20 n=1.5-1.75 and k=0.05-0.35 or n =
1.55-1.70 and k= 0.1-0.3. Although described are ranges of optical

constants e sffdctlrs fo?'tﬁb'p’%i’lyrﬂ@?é FERUItR #H6h BXI fllyrherizAidnesf ftar epesiie h of
ultraviolet light such as 248 nm The novel corrp05|t|on of the present

i nvent i on wonpmeses isopeanyhd pergiieeroigeprtapansl + henalbaerylaiat i omaleimide,

Compr 18 ng SRR aRH Shotfac A B ARRBRL TAMER (8LST” one-aci d group in the

presence of a catalytic amount of a strong acid such as tol uenesul fonic

acid. Am nopl gst pa yrrer are crrChfed in USH7, 691, 556 and US 2010/ 0009297,
which are in one enbodi nent the reactive
conpound conpnlse 2 o Hydro groups | yhydr oxy

CH2 H,
CF5
HO CF;
(18)
10 The first type of polymers of this invention may be synthesized using any

known method of polymerization, such as free-radical polymerization using a
catalyst. The polymer may be synthesized using solution, emulsion, bulk,
suspension polymerization, or the like. The polymers of this invention are
polymerized to give a polymer with a weight average molecular weight from
15 about 1,000 to about 80,000, or 5,000 to 30,000. The molecular weight is chosen
such that the first polymer coats more uniformly at the desired thickness of the
graded mixture of the two types of polymers. The polydispersity (Mw/Mn) of the
free-radical polymers, where Mw is the weight average molecular weight and Mn

is the number average molecular weight, can range from 1.0 to 10.0, where the

10



WO 2011/ 151719PCT/ 1B2011/ 001229 conpound or polyol), a conpound contai ni ng
2 or nore acid groups (polyacid conpound), or a hybrid conpound contai ni ng

bot h a hwgpesy/girdean aci d group. The am nopl ast cont ai peThBRATHVE29
am nonet hyl eneal koxy noieties (N-CH2-0- al kyl) which partially react with

t he conpound conprising at | east one hydroxyl 5 and/or at |east one
carboxylic acid group to forma resin form ng the second pol yner. Although
sonme of the am nonethylene react in formng the second type of pol yner sone
of these remain unreacted so that they may self crosslink or crosslink with
the graded blend of the two pol yner types through the P3 al cohol bearing
repeat unimsleghilar heefghtstoft yhpe mdlymel ymmay . badygeteainined tblye gabhripeomleationi s 10
reacted with t%xﬁwzxyl and/ or acid containing conpound in a solvent such
as propyl efEgieaigr omet hyet her acetate (PGVEA) or simlar solvents, and

heated with stigring in the prese on an acid catal yst. such as

par at ol uenesul f M E’g‘é i BO’PBPgEQr\‘/é)? atﬁeh[e)rﬁgnt FYENHAN Prisgst illplﬁéﬁﬁ WO
recovered by ¥rﬂéﬁ>cmérﬁbh§§b 's'ébgré&@tf%maé%ﬁf B&rérdmnec{heﬁ?@t to be
pol ynmerized to form 15 the second type po s sel ec dfromt

group Aonskredpmipantlyiteéhe synfacg @fgthﬁmat@i @m de wfa,@‘@mrt@% fi mc%ta'ﬂﬂn%r e
o o A ol SRRy Ao R i GSRSaay i oo
\NRi o Rllcl.)r(nthé(érﬁ)re/ﬂan fTherd®afe, a tpncaBiatioh @iddient is present in the top
portion of the film with the surface containing the highest amount of the first
polymer and the bottom of the film containing the highest amount of the second
10 polymer. Additionally, the two types of polymers form a cross-linked network
during baking such that the coating is resistant to spin casting solvents of the
photoresist coated over the novel coating. The surface of the BARC film is
wetable by aqueous alkaline developer, especially after exposure and during
development, thus minimizing scumming and footing of the imaged photoresist
15 features formed on the surface of novel BARC film. Furthermore, the optical
constants, refractive index and absorption, of the first and second polymers are
such that the coated film has graded optical constants through the BARC film

giving optimal antireflective characteristics.

The composition range of P4 repeat unit in the first type of polymer ranges

20 from about 20 to about 60 mole %. A more specific composition range is about
35 to about 50 mole%. The P3 and/or P4 polymer repeat unit bearing a base
ionizable moiety provides good aqueous base wetability during development in

an aqueous alkaline developer. P3 and/or P, is in the range of about 15 to about

45 mole% or about 20 to about 30 mole%. The total mole% composition of

25 repeat units P, and P3and/or P, the fluoroalcohol bearing and ionizable moieties
respectively can be between 30 to 80 mole%, or a range of 50 to 70 mole%. The
range provides good aqueous base wetability while still allowing the first type of
polymers to migrate to the surface of the polymer blend. The total mole %
composition of P, is 10 to 40% or 15 to 35%. The optional Ps polymer repeat

30 units bearing a UV absorbing moieties may have a composition range of 0 to 20

11



/ R10 \R10I I NyNyNHR10 R10 yNNyN DD 10" N1---.10(22) "10NHIR 0 (26) Exanples
of am nopl asts are such as those which are commercially available from

Cyt ec | ndgsbbigsiywder the trademark CYMEL and from Monsgihgenesihsal 5 Co.
under the trademark RESI MENE. Condensation products of other am nes and

am des can al so be enpl oyed, for exanple, al dehyde condensates of
triazines, diazines, diazoles, guanidines, guani mnes and al kyl - and
aryl -substituted derivatives of such conpounds, including alkyl- and
aryl -substituted nel am nes. Sonme exanples of such conpounds are
N, N -di net hyl urea, . 10 benzourea, dicyandi am de, fornmaguanam ne,
gcet Oﬁu?naﬁbleg%. anrebmpesition r@hgeraf-scltcﬁqﬂirgabr%-mas,tfe usedimihea, present.
-met hyl -2, 4-di am no, 1,3,5-trai_zi pe, 3,5- digmnotriazol e .
triani nopﬁh'?ﬁ‘ﬂi‘tn@aﬁ’-é%rl&%a& 3 Lﬁ?‘GBdt% ﬁ%? Byﬁ?‘?‘h 8‘?’?%?'%‘3,%5, @s to provide
tris(ethylaginRin antrelettivedglopertids! | s(al koxycarbonyl ami no) tri azi ne,
N, N N,N - tetranethoxynethylurea and the |ike. OQther possible am nopl asts
i nclude WO 2011/151719PCT/1B2011/ 001229 conpounds shown in Figure 6.

Additional ly, including their anal ogs and derivatives, such as those found
i n Jap&neskhel antirefipetivePgoating Appinosiionois praderably Kapable 2of3®eming aTisbh, as

wel |l as etherifjed ' esiis, . e | t

ol am ne. MO8 R ENTLRS ke coiot (R Jf, ApHYp Bidnd 88T ik

][espgc_t [ V&drﬂi}ef_lﬂcti‘?%tcb;{iﬂg eNf)}htpdsjztigat ieobrgfefalgywaidable bbroreu‘raangCh Iﬁima?whe&n be
ound in nadi an Pat ent : 204 547 t | Ialt ' Var i
ol i no_ dA@ P disr @ sohechAaob s ratn Phated TSI Dt pdreiaalaig s | O
( Sanwa Cheag'vgﬁ,lpego. ), Plastopal (BASF AG, or Maprenal (dariant GrbH)
tradenanes may be used. 10 More specifically, the am noplast nay be

sel ecygd fromthe group conprising of glycoluris having the Structure 19.
Exanpl es of glucolurils are tetra(al koxynethyl)glycoluril, may include,

R ALY gl(o 253*&%?&’8%‘! Qe ol i gﬁc{rﬁ‘iﬁﬁtig%éﬁémw&w%éﬁ % Wb a
pr opoxynetraggg gifycwitaet englesr aith- watesxgiraboyt J6§-§2olonrahout e70-80¢ which
provides for a good phase separation from the second type of polymer. The first

polymer preferably has a contact angle with aqueous alkaline developer of 55-

15 65° after the imaging process, that is after exposure and development. The
developer is typically an tetramethylammonium hydroxide or 2.3 weight%
tetramethylammonium hydroxide. to the novel composition minimizes footing

and scumming of features imaged in photoresist coated on the BARC.
Furthermore, the range of n and k at 193 nm for the first polymer should be

20 n=1.5-1.75 and k=0.05-0.35 or n = 1.55-1.70 and k= 0.1-0.3. Although described

are ranges of optical constants at 193 nm, similar optimal values exist for other

wavelength of ultraviolet light such as 248 nm.

The novel composition of the present invention comprises a second

polymer which is the condensation polymerization product of an aminoplast with

25 areactive compound comprising at least one hydroxy group and/or at least one
acid group in the presence of a catalytic amount of a strong acid such as
toluenesulfonic acid. Aminoplast polymer are described in US 7,691,556 and US
2010/0009297, which are incorporated herein by reference. In one embodiment

the reactive compound comprises 2 or more hydroxy groups (polyhydroxy

12



15 butoxymethyl)glycoluril, substituted tetra(al koxynethyl)glycolurils

such as 7- methyl tetra(methoxynethyl)glycoluril, 7-ethyl

t et r a( netwexyi@isimb) gl ycoluril, 7-(i-or n-)propyl PCT/IB2011/001229
tetra(net hoxynmet hyl )glycoluril, 7-(i- or sec- or t-)butyl

tetra(nmet hoxynmet hypgl ycoluril, 7,8-dinmethyl tetra(nethoxynethyl)glycoluril,

7,8- diethyl tetra(nethoxynethyl)glycoluril, 7,8-di(i- or n-)propyl

20t et ra( met hoxymet hyl ) gl ycol uril, 7,8-di (i-orsec-ort-) butyl

t et ra(nmet hoxynmet hypgl ycoluril, 7-nmethyl-8-(i- or n-)propyl

tetra(nmet hoxynmet hyl )glycoluril, and the I|ike.

Tet r a( et henmgpauridy b glolyod), @ compeurd Zionteihiog uh g maeneeacid grenps KPERTERL I NK

Tee o oceArtest i, 623 Hfd ooMRoEnG i fih Boty 2 Vo7 BRE afCadid Bl
Toa) { PRCTTAG SininTpRASD COMBAIRY |reBbHD aafinbmamhdendnling;, Heiotiued (R, O
s et oA S R POGLY et T e SOyRaLNI ATRATUH BhieasE eBRYEPPHror

one entyodi sRpbr af 1d4i¢ cHRCeABKAP aBIdgiRIpP™RK forh'@ RRIN FErmiAgMthe &eond
pol yhydr oxy conpound chosen 30" from a gr ou&)(éonm sting of a polyol (27)

and/ or a cBQiyoer.cAllkouphiseme &f theeamirzanethylagezeaat/in farmingthe sesxoditype 1229

I t t R13 | . i - I e WD
2l kyl ene. raPAEhE, Soe Bt SirSBHeRtaifl RitBacl i et fa gy 9 cfiesfifie or 1" ©
met hyl ene, cresslinkewit) thebgeaekenlend lof ithee éwvd EoIYIIEY) types thyrolighlthe IRgredeghcd- C12) |

R14 is selected fromhydro and . CGl- C1Q al kyl n .aryl C6- C20 uch as
phenyl ), al?{eaéqngy{ep@%&%gqﬁ%{}@dgﬁﬁyp?é_ PJy e('SEXWcﬂél' A ﬁ_%o?pla%i 1S

al kyl aoy! rdastedakitty thd Rdrox) addoE Bcidscort@iRing) comsbiumd inng 8biveht Sicinased

al kyl hydroxyl group (such as HOCH2-). In the group consisting of structures

outlined Hyropdenegyigele mongmatayether aceipte §pEMEA)C ok aimiiae solygnts 7and N

For the ¢ i C i ds; i vati.ye 1 6 re, pdspe ntly a
C2- C8 al ky ened s‘fc\)/glgergt."ﬁﬁégﬁj1 Qé gﬁﬁfg %Qy%l Ia%[i)h(ej éegg%)\}?e%gb@pgge%#%

(- CH2- CH2-tpluehbsulfrio rdid fryseveralohoaisns The potymeplisasypicallyurecogeredcbyir e 29

shows a 15 general structure r.a.re t unit of the second.t f

pol ymer Wﬁ’%ﬁ'Pgﬂt{) m&o fa&ﬁfiaept t%&grqr gg%ﬁoﬁﬂ@%&%&ﬂ g%BR@Hh%eﬁﬁﬁlggﬁnto at
| east 165W0 thgiseeomd Beasfaiymsbisaidieted ForiitheOgrbup ¥onhsisting entthe idibwing No
noi ety within the am nopl ast group. The squi g,gléézlline represents on Y

ei t her an haying eigiel StUR BRSO eeerRyLadRage ween (EHam—¢Hageach
| ndi cat es FQS Ry t&% ard fn%%%ﬁger?tw WJFB&QX lo? &%—%&%ﬂl, and mis 0 to 3.

13



20 or am nonet hyl eneal koxyhydr oxy groups. Unreacted am nonet hyl enehydr oxy
may not be present on all Y repeat units but at |east sone are present in a
typi cal r in to insure crosslinking of the pol
Structurgﬂgéﬂgﬁg%gaa nore specific structure for the se%gﬁnggpgﬁ%$)mhere

t he am nopl ast conponent is derived froma glycoluril conpound where Z 25
is aunit derived froman al kyl polyol (27) with R13 as an al kyl

substituent or an aromatic polyol with R14 as an aryl substituent or (28) a
cyanuric acid derivative WD 2011/151719PCT/1B2011/001229 or a m xture

t hereof. Structure (30) shows the presence through squiggly lines on the
glycoluril noiety dines of either unreacted am nonet hyl eneal koxy,

am nonet hyl eneRlykag yhxproxy groups or additionaf am noal kyl net hyl ene
linkage to a pol'Wol NZ'tay contain additiorm)_|Hakages to other noeites.

(29) (30) An ex 'a12(3i}9 10 (31) The secoffd p®l yner can conprise 30-80%
am nopl ast unit gnd \0-20% is pol yol / pol yaci d it. (ddhe wei ght average
nol ecul ar wei g ) Ref  t he pol yner is about 1,000-100, 000 or about

3, 000- 20, 000. e@ntireflective properties at $98 nmthe range of
acceptable n and k for the second type of polyner is as follows: n of about

1.6-2.0, and kRef about B,1-0.6. Mre speci’fgl I yO a range of n of about
1.7-1.95 and 51/08 \g. 12-0.5 is accept Pﬁ)\‘[,g/@\sure phase separation -
1

from | 0
O L on

Ry R,
RwHNYNYNHRw RwN)‘\N/Rm
N\(N (L
(21) (25)

/N\

R10 R1O

Rio
R,DHNW/NYN\ RyoHN-__ HR,q
| Ryo |
N\I/N N

(22)
R R, NHR,, (26)

Examples of aminoplasts are such as those which are commercially available
from Cytec Industries under the trademark CYMEL and from Monsanto Chemical
5 Co. under the trademark RESIMENE. Condensation products of other amines
and amides can also be employed, for example, aldehyde condensates of
triazines, diazines, diazoles, guanidines, guanimines and alkyl- and aryl-
substituted derivatives of such compounds, including alkyl- and aryl-substituted
melamines. Some examples of such compounds are N,N'-dimethyl urea, -
10 benzourea, dicyandiamide, formaguanamine, acetoguanamine, ammeline, 2-
chloro-4,6-diamino-1,3,5-triazine, 6-methyl-2,4-diamino,1,3,5-traizine, 3,5-
diaminotriazole, triaminopyrimidine,2-mercapto-4,6-diamino-pyrimidine, 3,4,6-
tris(ethylamino)-1,3,5-triazine,  tris(alkoxycarbonylamino)triazine, = N,N,N',N'-

tetramethoxymethylurea and the like. Other possible aminoplasts include

14



20 the first type of polyner the contact angle of the second polyner with
water is between 35 and 65, or in the range of about 40 to about 60.

The novel r ctive coating conprising the first pg

second pJW9QBh”%EH§ther conprises a thermal acid generatorﬂ§%gggﬂz%ﬂe TAG
WO 2011/ 151719PCT/ 1B2011/ 001229 conponent catal yses crosslinking within the
conposition. The thermal acid generator used in the present invention may
be any one or nore that upon heating generates an acid which can react with
t he pol yner and propagate crosslinking of the polyner present in the
invention, particularly preferred is a 5 strong acid such as a sulfonic

aci d. Prefssmpdyndst MOWmermaFumédsgmmmmlyi sinaledingatthdir aanalbgs ea®@®C and

nore preferaply at ab ve 1 0C, and eve nore preferably bpv '
Exanpl es dfeVREYFR S AU H@E‘%“Fepf'-raé‘g gﬁhﬂi ‘g%ﬁt"??%'ﬁd
i odoni um S@ldksi) |~$c510i12§§339 k@ MOsEH] é@mennas dirhikgd aerrmhatrle&mal iR exatithle
di aryl akyl sul fonl um salts of strong non-nucl eophilic acids

al kyl aryl imgthylaied o1 butylated melgorineresias (N-rpethoxymethvioer- Nnmt@e@fwthvlc
acids; sanq apmpnl Pégsp(ﬁ%k Mgfgﬁ??]@t BtedbatyiX r?hu t]Le F;F‘]pr&m& fbf g%#ﬁ%

t et raal Kyl ammoni um stro non I C acl coval ent
t her mal acibdnd ém&amadieh BatendiNso 1e204 $4@dd @baW%ltya@demlm Marlouslst ance

2-nitrobenzf\_/3ii] ester of al k¥l or aryl sul [Ioni cl ? qg' ﬁj eI ers of
Sl ot o doblnting ehdiRen ferts ok comfittel avdiable, BRedBeditsians Podhvac
Exanpl es ackeflical Col )OWthkB@IRBWSHJAG)abﬂ(Ma‘b%ﬁa)SGIa?&m GmbH) tradenames
di aryliodoniuntris(fluoroal kyl sul fonyl) net hi de, di aryl i odoni um

bi s(fl uordﬁﬁk??s}lﬂefionyl ) et hi de, di arl yl i odoni unbi s(fl uor oal kyl sul fonyl Yimd
e, diaryliodoniumor quatenary anmmoni um perfl uoroal kyl sul fonate. Exanples

of | adi0l e Mexecsrecificalfy: w@b@rﬁmplaasmxabe sejeciedjifriem Fhﬁ)ew cqraR§ing of
2,6-dinit r@? 4 mv'&‘ﬁ eStrﬂcﬂﬁ érq@enzyl FQ *{9 mgf%p@t es
- - hl or enzenes

such as 2 orone ntro enzyI 4-c nate
2-trifl uortetm(rdﬂsdkyﬁwerlinyl)glymhzrw nzla)mm¢lod®,eezganéemzh(mmthowm@ﬂwi)giyc@unl

Srront am P TRE ST Ry e ATHE L RRT g TATSHAbEARRS | Smisels ”
bi s(fl uorq&bba*méthwyglydammde al kytbtra@mmbbdvméﬁiyl)glyﬁamf or gani tetra(t ds,

such as triethyl ammoni um sal 0- canphor sul f oni A variety_of

ar omatlPc (%@W"&%‘BM‘&Q'Y‘FF&BWE hﬁ‘l‘%’ﬂ'é“tﬁij E%f%@'hexmeﬁwﬁekvse'gfj"ss FUEBnPE” 4ci d

am ne salt - n_U. S
Pat . Nos. 3o 34 Beq gmoggﬁ‘@t%)g%&'zuﬁqeggﬁﬁfa '%tﬁd}g s agl7y0t he TAG

wi Il have QI vef)prdm\h/ vt@tra(meiwyymethygsb/@pbﬂ;r ed-(bet REENSECFO- QQOG)bEMarrpI es

Such. vo 280ameianaeRhaatiblr2ue kb R ShokRRULGENERIT £R771 5o
which is aiebglecyl behagnettridyineting)ghcotlriyni ne B8kdi(isuppl bed at n2braipo
Conn. bedorSionresBulebeolihml ol Srot TAG o6l P thPS T mOREDEN | s
conpos ?f L yr & e ot hor cormrigg . IProp!
tetra(methoxymethyl)glycolun and the like. Tetra(methoxymethyl)glycolunl is
available under the trademark POWDERLINK from Cytec Industries (e.g.,

POWDERLINK 1174). Other examples include methylpropyltetramethoxymethyl

25 glycoluril, and methylphenyltetramethoxymethyl glycoluril.  Figure 6 gives
examples of specific aminoplast materials. Example of the glycourils is

tetramethoxymethyliglycouril

In the polymerization of the second polymer, one embodiment of the
second compound to make the polymer may be a polyhydroxy compound chosen

30 from a group consisting of a polyol (27) and/or a cyanuric acid derivatives (28).
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the addition of a secondary crosslinker. A variety of additional
crosslinking agents can be used in the conposition of the present

I nvent i onyoAov/swibabl e crosslinking agents that can cregshiffiibhie2g0! ymer
in the presence of an acid may be used. Exanples, without limtation, of

such crosslinking agents are resins 10 containing nmelam nes, nethylols,
glycoluril, polyneric glycolurils, benzoguanam ne, urea, hydroxy al kyl

am des, epoxy and epoxy anmi ne resins, blocked isocyanates, and divinyl
nmononers. Mononeric nel am nes |ike hexanet hoxynet hyl nel am ne; glycolurils
i ke tetrakis(nmethoxynmethyl)glycoluril; and aromatic nethylols, like 2,6

bi shydr oxylmestnydtuge 225 13 riaya spacer droufpexgh 185 laas €Ch-Chgslkllienkevdhemay al so

be used. The solid c t f, the. antiref | | ti | ]
i xed- i t ARIEGE GEA B STRTieeon A TR aller P ool eraeEnans. "
conponent setAfiehBE Biinched laRgldnee (Coak ) cydlvaligiire (RLEsNt R, Brsdléted
antireflective coating conposition may include, anple, a glycol ether

d for exanp
deri vat i velrefuchydiegen @fd EetGos @b, an @ by l20elsueR AS, @hepylh g e gl ycol
nononetdyl R ~ @8l et [ no. e Lativdl &t D ne
gl ycol @mn%%%ﬂﬁeéet gQ{rE?Cﬁdléﬁo o(gé{ﬂg% g:lk%co 3)’di %{%@{H It hggﬁvaptlr\%pﬁbg%% gl ycol
n- propyl eshem asoiCHLRE) raride adingiay oo Ibrameheidh yalkyhydroxylagrgup dstictetasdrnOest er

derivative.gsuch as ethyl cellgsaly, e t Y ate, or
propyl ene %ﬁ?’g'olln nBEPHSA"S ﬁwgroﬁség{%g‘ﬁr%g(%&%&ﬁ@égﬂo%&?/%ae[ glj‘lgg%s%ch as
et hyl acetbgs spedifid sxaraplet at e and anyl acetate; carboxyl ates of di-basic
aci ds such as diethyloxylate and di et hyl nal onat e; di carboxyl ates of glycols
such as ethyl ene glycol diacetate and propyl ene glycol diacetate; and
hydroxy carboxyl ates such as methyl® actate, ethyl lactate, ethyl
gl ycol ate, and ethyl-3- hydroxy pré&pionate; a ketone ester such as nethyl
pyruvate or ethyl pyruvate; an &0 kgwycar boxylic acid ester such as
nmet hyl 3-net hoxyprr\ppi onat e, ethyly] 3-

14

N N_
'?1 3{ HO/R15 \[( Ris_
OH OH o) OH
10 (27) (28)

For the cyanuric acid derivative (28) Rys, R1g and R47 are independently a C>-Cg

alkylene spacer. Rjs, Rig and Ry7 may all be ethylene spacers (-CH2-CHa-).

The second polymer contains an aminoplast group. Structure 29 shows a

15  general structure for a repeat unit of the second type of polymer which shows a Z
moiety derived from a polyol compound linked to at least two aminomethyleneoxy
moieties (N-CH»2-O-). Y represents the amino moiety within the aminoplast group.

The squiggly line represents on Y either an additional aminomethyleneoxy
linkage between Z and Y, or indicates possibly unreacted aminomethylenealkoxy

20 or aminomethylenealkoxyhydfoxy groups. Unreacted aminomethylenehydroxy
may not be present on all Y repeat units but at least some are present in a typical

polymer chain to insure crosslinking of the polymer blend.

Structure 30 shows a more specific structure for the second polymer
where the aminoplast component is derived from a glycoluril compound where Z
25 is a unit derived from an alkyl polyol (27) with Ry3 as an alkyl substituent or an

aromatic polyol with R4 as an aryl substituent or (28) a cyanuric acid derivative

16



WO 2011/ 151719PCT/ 1B2011/ 001229 et hoxypr opi onat e, et hyl 2- hydr oxy- 2- net hyl
propi onat e, or net hyl et hoxypropi onate; a ketone derivative such as nethyl

et hyl ketwpeoiaG&eiyl acetone, cycl opentanone, cycl ohexapgigpsyiidnbapt anone;
a ketone ether derivative such as diacetone al cohol nethyl ether; a ketone
al cohol derivative 5 such as acetol or diacetone alcohol; a ketal or acetal
i ke 1,3 dioxal ane and di et hoxypropane; | actones such as butyrol actone and
gama val erol actone ; an am de derivative such as dinethyl acetam de or

di met hyl f ormam de, ani sole, and m xtures thereof. The conposition of the
formul ation consists of a 1-10 wt % solution in a 10 spin casting sol vent
(such as P@VEAIxREYEheleGVEStRCNEe {G0B6hews thepredenck thhmughssqrnggixllines| i d
conponents_coppri ses. pql yner, or. m xtpure. of pol rs of.the first polymer in
Che range 9 & el Fietiolin®s bt fittes PresRT dhirsiathuedtaf
conponent SammoreStANeneakyxBiydrdkyt roups o addftion8r ARintalieyith&ihyfPredihkab o of
the solid conponents being preferred; and a TAG conpaonent consisting 15 of
0.5-5 wt % 6fa payok of MmaysiIAaddiiong; linkades i OHER OSSP be added such as
phot oagj d generators, other crosslinkers such as nonomeric aninoplasts and
epoxy crossliq&gg&xand finally fluorosurfactants can be added as |eveling
agent . nce the_antirefiective filmo s coated on top of the
substrate an $o subjected to dnyagﬁgg%égﬁng‘is envi si oned that the
filmis of sufficiently_]ow netal 20 ion 1T#v and of sufficient purity
that the propegti es of the sem conductor déviice are not _adversely affected.
Treatments such as passing a sol ution|ofcif pokymer through an ion
exchange colurfh, filtration, and extrdcti on cprocesses can be used to reduce
the concentration of netal ions and to reduce particles.” The antirefiective
coating of the pr&Xnt invention hydrophobici(9)is 25 inportant in two
respects first in the conventional sense it is inportant that the top |ayer
of the graded BARC be_hydrophobic after formng a coated film such that
the hydro BS?‘@T"S{%'F!&%%% that of the photoresist filmcoated over the
antirefig ective coating, so that a coating with good uniformty is obtained.
However, in this insvention hydrophobicity of each individual polyner
conponent in.the, Vﬂ%%g;&flSl?lQPCT/182011/001229 m xture is also inportant
with regards to as€erjtai ning how well the two pol yner conponents w |l phase
separate from each/ot\her and to make sure that the first pol ymer conponent

mgrates to tEe/da« “ethe f4l m}wﬁere it will be hydrophobic during spin

coating but hale a lBase or ~ad+eal+4 ionizable noiety to ensure that 5

devel oper wets the surface ethe resist filmin exposed areas above are
devel oped through. This m zes scumm ng and footing of resist features.
Al so, the difference in hydrophobicity between the two pol yner conponents

i's inportant because (Bf) predicates how well the two polyners forma graded
filmproviding an antireflective coating with graded optical properties.

The
The second polymer can comprise 30-80% aminoplast unit and 70-20%

15  polyol/polyacid unit. The weight average molecular weight (Mw) of the polymer is
about 1,000-100,000 or about 3,000-20,000. The antireflective properties at 193
nm the range of acceptable n and k for the second type of polymer is as follows:
n of about 1.6-2.0, and k of about 0.1-0.6. More specially, a range of n of about
1.7-1.95 and k of about 0.12-0.5 is acceptable. To ensure phase separation from

20 the first type of polymer the contact angle of the second polymer with water is

between 35° and 65°, or in the range of about 40° to about 60°.

The novel antireflective coating comprising the first polymer and the

second polymer, further comprises a thermal acid generator (TAG). The TAG
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10 hydrophobicity of the two pol yner conmponents filmcan be neasured by the
wat er contact angle (CAwater) o. f the film where the contact angle is the

angl e forwBdohyisaidrop of water on the baked antirefl echicygapsagbépsh film
Typically the photoresist filmused in imersion |ithography has a water

contact angle of about 800. Therefore the water contact angle of the
antireflective coating filmis in a 15 simlar range of about 60-85 or nore
preferably 700-800 as detailed previously in the detail ed description of
the first polymer conponent which is designed to mgrates to the surface of
the cross-linked BARC bl end. When the photoresist is inmaged and devel oped

i n an aquesspendmrl catalygey etropsimkirge withive thevedmpesitioontThet treengiab arfid t he
antireflective coatlgg f|In1shoukd be .l ower than t he contact ﬁga n Ie in

wat er, so 98NEratondisgdyisy Hise PreRedt JovRntigh: MaxgPe AWLPNE(Y B9Te u

ant i r ef | eqidaM, gCeéhdratbsSHhf 468 Whighh@drPTehd WRAUBE B8R Sandl ipfogtigater ence
bet ween the cont act angle in water and developer is in the range of 50 -15.

The anti r edrpedlinking ebthe pelymerapreseshin e dvestiea: padicularly REoETeIns . The

n and v g

A Vool arit i sAO RS yfirGls e Refabl, AR EEfhal SHATARAE i, =0
ranges foradiivated at abevelopaDdmiat more phefeeatily aitirabowavEL0sGgand usen @ode t he
type of application. Mdelling of the n and k values showed that in the

filmfor meferabwta%@bﬁaeéﬁocenp'@samplsﬁ of thermpl acid garergiaraiane stalrfree dual
layer fil 'El)é}‘obﬂn?sgﬁé éﬂﬂ'ﬁ\%) i it &%ith NS h Rty sulf’d?ﬁum Et?a‘ﬂ@hérplf@uﬁéﬂl fce of

the film ha a ues appr oxi mat I rst pol ymer,
t he bot t oraraf dishdaKylsuffohauin shits of smgzmamemmmc:’abmzoamywmgnm k

val ues p ng th of . the second | ayer

ni xed 1I0 eci' hg‘ﬁ@i '% ﬁ%{%\/e%th PR , PPOTY er?cﬁ’hf %%??on?rbor?mg'ﬁér{'gé" t he
film alkylérrlﬁmcafwmr efdlmémmnﬂmt tmmnnmmm Otetiagligizmiradniom ishits
substrate using techni ques well known to those ski Lﬁ@g in the art, such as

di ppi ng, sgistroRgnonRudeoRhiligacigsnfisorsevalentithermakaed gegeratprs are also
antirefl eCérLYé%g‘é atakngséfﬁf‘ga‘?ﬂltfvﬁagnhﬁb%ianje@ @Uﬂnfrebéfwteﬁgg B altfie of 0at i ng

Is further heat'ed on a pl ate or convection oven foor a sufficient Iength
of tine tmrybnlrﬁwcan;dsremﬁ athet esf@rs/emul’émp aeid duicl thergially deagmpasel t hus

i nsol |I|2|n e n ween
R g R e
preferred d’alyg?climlurtnerrper at yms(ﬂlmrdalbyrsmﬁmyt)nﬁlﬁi@el ohabout dmﬁdoiﬁmm f
Bt rof | edusowelivtsosyTmeliac™ dgnigAoniveho bitbrspald¥aiadim@E : op or
the upper ripsdyliGddritmf b?Céuéténﬁgatdrﬁﬂ.oﬁmﬁm hsdebrbalkgleamdrite.i Ekhnpledmere the
phot oresi st Sol vent. An ed bead renover nay be a‘%éell ed after the

coating stlabie esters: eaZ‘r"ltW@eééﬂéQS)d@tet Reft- Qlﬁ‘ﬂéqt?%‘tz&' tosiiade. ot 6cdiniliekengy |

known bn ttggylglre, ‘4-nitrobenzyl tosylate; benzenesulfonates such as 2-trifluoromethyl-6-
nitrobenzyl 4-chlorobenzenesulfonate, 2-trifluoromethyl-6-nitrobenzyl 4-nitro
benzenesulfonate; phenolic sulfonate esters such as phenyl, 4-
methoxybenzenesulfonate; quaternary ammonium tris(fluoroalkylsulfonyl)methide,

and quaternaryalkyl ammonium bis(fluoroalkylsulfonyl)imide, alkyl ammonium salts

25 of organic acids, such as triethylammonium salt of 10-camphorsulfonic acid. A
variety of aromatic (anthracene, naphthalene or benzene derivatives) sulfonic

acid amine salts can be employed as the TAG, including those disclosed in U.S.

Pat. Nos. 3,474,054, 4,200,729, 4,251,665 and 5,187,019. Preferably the TAG

will have a very low volatility at temperatures between 170-220°C. Examples of

30 TAGs are those sold by King Industries under Nacure and CDX names. Such
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The substrates over which the antireflective coatings are forned can be any
of those typically used in the sem conductor industry. Suitable substrates
i ncl ude, wobbpuisitibm tation, |ow dielectric constant maperhBiGiofbid Con
silicon 20 substrate coated with a netal surface, copper coated silicon

waf er, copper, alum num polyneric resins, silicon dioxide, netals, doped
silicon dioxide, silicon nitride, tantalum polysilicon, ceramcs,

al um nunf copper m xtures; gallium arsenide and other such Goup IIIN
conpounds. The substrate nmay conprise any nunber of |ayers nmade fromthe
materi al s descri bed above. 25Photoresists can be any of the types used in

t he sem conAGE arfe NaSWS! 5325, ireV | OBX-2 188 Whicknid avdodzenbenpene sulfdric
photoresist and the antireflective coating substantiall ? ab'g?r t:hgat t he
exposur e W@ EEHEE Kall searkierd at %@'@%@F‘I‘?@Wﬂ?é’é‘é&ﬂ?"@ﬁg’% weiof SEEIEAM £ or
| mer si on kfnbhﬂ&ﬁ&ﬁé%{nﬁr?rﬁ Lt .%asiy@ss&aw%p m&c&@neam%%tfa TG LABRE for

i magi ng wi th~i mrersio ography may be use ,ec\/\/nere

2011/ 1517 1iprs/ina2gion/i tetiethylarnmeniio sek iof dedecybenzeswfanicagide i ndex

hi gher than 1.85 and al so are hydrophobi ¢ having water contact angle in the
range & 75 to B novel comphsitibat e@gmprising the bva polymers mgyiurtiee pomprigevi ol et

uv) exposure chnql ogi es that hav rovided si R C in
i atort e askonH mhdan Rk AYeag of pAlibhaRtosQIAREAIEHS | 1
Phlot ﬁrgsi séan foey uded gmthaveoﬁmlahmahl }tf h_aenpmal d iﬂﬂelsthd@sti nﬁyeduiéable bed
o] roxystyrene and its copo rs/oni um sal ts, such as ose, descri be
o Ve 4 o opd ke asnts R GAD GHSSShnK A PO TEr M iliriresHaee Pt eed may

exposur e n js€ WHPBLETiRNBEGY, BIOSYERE CroslifkiRg 3 lafS ra&ifs Opaque
at this V\g%/eeljdgﬁgt RS O e T o0 o otar ool ot

usef ul10f orcar@diningn exmetamismesGenaethylgls, polglyalwilconpalymeris al plygelurils,

hyd b f h i : i li
nvar ocar b 3egar e, dref iery P ArifcfeBopy, Snd oty ik tesfis, TP 1€
si nce theyblbekerl risd@ianatdsy bhdhdivinmybomonhomteyslr ogdonomerios meaharaimesmikeve

tch i st .. th I vi de t t, 15, | | engt hs and
they have herastRnGeyhmsfaBle; airelioiks dransmmbodroefifeioshal *"
di scl oses fpl ¥ronaic MetHIvE anes?, ibishyaroxyntethPlt Rcresdl May he aseddEpaky

pol ynmerization of nalei ¢ anhydride and unsaturated cyclic nononers. Any of
t he” kriidwn hagsdcrosslinsersmpyelsorka1sed nay be used, such as those descri bed
in US 6,447,980 and US 6, 723, 488, and incorporated herein by reference.
20After the coakhengolist eerapenentsof the@ptiteflestion soatingyeQMPesilp G5 Mixgte
exposure npy,. he r : > dalel

phot or esi gtm&l]g ?ﬁ%ﬁiﬁ\?@{;‘gﬂ%%@!ﬁ’ﬁ%@ﬁsﬁwﬁégi@“ﬁ %&ﬁgmvst%ﬂéh?reat ed
phot or esi santirdftectide \cohtipgr Suitaplecfodvanits Jorahe aptissflestied kaatlingecaropasitiom

conprising, far exanple, tetranethyl ni um hydr oxi de (T , ly, 2.3
oD bt o6 D Ane e R cexdrblen B olnh ST o ahAUR i b ARV colliaBlve!

sur f agipant fhigihyl A&liceBIVED PROpYIERS glyBolSinBRoMm@thyb ethetqPGME jtdisthilehe diyuel
process prior to devel opnent and after exposure. SS

J P ) The proce 0
coati ng aHHOP%QIWbeW%tQj?@yl%WW%O'\Wﬂowm?od@m@’ﬁ(@%@dﬁmﬁmy&e art
and i's_optd k RCRIroSyI L MR8, Obr BRALAERS | Gcdi Shfhetrifl Soth¥ a
2011/ 15171%@%‘??‘%@%81’1’%8@!%29 arttrt;}ér nedr’substra);tqe cagﬁlilthen beﬂvd]r et ched
with an etgycaietiersesier diesivative sifichyas ethyligellaselve tasetate cinsithyd ive o
renove the_exposed portio f i e i i EnRE i yers
of antir echgi Py&r 88%&'%1%(2%“&0[ Hlﬁ?gﬁ%de] : ‘%’thlgﬁék%%(t)% (gf?ey s'%fyg l?(ﬁ!fa éééan
et ch mBsk.sudaraseibyeacdtatey ngastglsacatatekarai\amiyhat dtateqcarboxylates of di-basic

acids such as diethyloxylate and diethylmalonate; dicarboxylates of glycols such
as ethylene glycol diacetate and propylene glycol diacetate; and hydroxy
carboxylates such as methyl lactate, ethyl lactate, ethyl glycolate, and ethyl-3-
hydroxy propionate; a ketone ester such as methyl pyruvate or ethyl pyruvate; an

30 alkoxycarboxylic acid ester such as methyl 3-methoxypropionate, ethyl 3-
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5 for etching organic antireflective coatings, such as those conprising 02,
CFl, CHF3, Cl2, HBr, S2, CO etc. Each of the docunents referred to

above ar ewormgr/lg@-y@t ed herein by reference in its entiregyasilion@ble
pur poses. The follow ng specific exanples will provide detailed

il lustrations of the methods of producing and utilizing 10 conpositions of
the present invention. These exanples are not intended, however, to limt
or restrict the scope of the invention in any way and shoul d not be
construed as providing conditions, paraneters or val ues which nust be
utilized exclusively in order to practice the present invention. 15
EXAMPLES  ethoxypropibaatesf ract | eyl ndex (ZhydrokytZimedtindproptanate,( k) valooes of

the antirefl |ve coat.in es bel ow wer.e asured on a,J. A

Vool Fam vAEeESSnsstinade; 8 Kelohd a8t Sin s el B Keline Bitnf .

pol yners %tms ?Q@p@ﬁlaﬁoﬁi@' dyelomerhhéie 26r Chhepmhess 2. ketone ethefatic
data were col | ected usi % VCA 2500XE (Vi deo Cont act

tact
Xﬁ& :CSygttgeﬂ aﬁlV@rﬁUAmasvﬂ@@ew alcglol ethyl E@n acketope, alephol Jerivativep
01821
) ;f'élﬂ;h%%r@gdé g @%Eeﬂbhef%lﬁ%(?c' eR?E\E e%”%f 33 BRAGIarE BR§t own,

NJ 080 vel oper (‘aval rom AZO El ectronic
Mat eri al s diéthosypropape; la¢onedtsiusheas Wgrolacson@mdlga&r,lmm/al}&emjone'ream S were

carried out i a 100 Fab,.enyi r on i t. .angl.
reported 4" e(?% Varts ??oq‘ﬁnr%}yéa%ﬁ 'dfe \fe eglgﬂf%zr}q%ﬁqlgg &I.\,%@’,eéﬁd
2011/ 1517 18R4&dred B2étédf. 001229 Synt hesi s Exanpl e 1: Synt hesi s of

pol y( hexaf | uor oi sopropanol nethacryl ate-co- mal ei m de-co- hydr oxyproryl

?EI\/}A hg%: él oa; e 1ﬁ1é306m?53|h|§ﬁqugé|fohﬁmaflbﬂ?foﬁhi§£€p6ﬂ§a‘nﬂb mwh mh?mea
- - mal erm ae (0] roxypror et hacr at wer e
mi xed Wi t FSAIM 0132@“@] sefvent ﬂ%‘t’%ﬁ?d:’@f"lﬁ"gn 6’%&9‘?’/&3” ef Q/épy%tﬁ} Pgat i on
reaction t f o] t rogen
for 20 h. SREnMEES et Sa'*Eﬁﬁﬁ?ﬁﬁnﬁfgﬂ‘p%"r%su?%'ﬁ“ﬁﬁdf‘?“e%@{?gﬁB?ﬁi“ﬁﬁ% e vas
pr eci pi t atafdhe firgiepadyineein thelrangatafr, torhié with oenpm phecifiealyi 2-20awt%v@E hed

and dri ed at 4 t r f

19, 000, _10"&sah ﬁé’gF‘s‘méﬁaﬁm Sg@y&ngﬂ'ﬁ@ "giﬂg K%fxré‘fg%%?s@%ﬁ%m
met hacr yl atigs o thekelidicoaponerity ey prefpsted namdh aCTA{Gactoenpm'faﬂ yoasisting
15 of 0.5-5 wt% of the solid components. Other components may be added such as
photoacid generators, other crosslinkers such as monomeric aminoplasts and

epoxy crosslinkers and finally fluorosurfactants can be added as leveling agent.

Since the antireflective film is coated on top of the substrate and is also

subjected to dry etching, it is envisioned that the film is of sufficiently low metal

20 ion level and of sufficient purity that the properties of the semiconductor device
are not adversely affected. Treatments such as passing a solution of the
polymer through an ion exchange column, filtration, and extraction processes can

be used to reduce the concentration of metal ions and to reduce patrticles.

The antireflective coating of the present invention hydrophobicity is

25 important in two respects first in the conventional sense it is important that the
top layer of the graded BARC be hydrophobic after forming a coated film, such

that the hydrophobicity matches that of the photoresist film coated over the
antireflective coating, so that a coating with good uniformity is obtained. However,

in this invention hydrophobicity of each individual polymer component in the

20



20.0 g of Isopropyl hexaf | uor oi sopropanol nethacrylate (MA-BTHB-OH), 4.1 g
of nal ei m de, 0 g of hydroxypropyl nethacrylate and 1.8 g of styrene were

m xed 15 Whish |r3 490 g of THF solvent. The pol ynerizati ook
: 2011/151 HI0A
pl ace in the presence of 0.7 g of ALBN at 75 C under ni ??gggn {Ub %&0 h.

After cooling dowmn to roomtenperature, the reaction m xture was
precipitated in DI water. The white polyner solid was washed and dried in
vacuo at 45 Cyielding 29.7 g (93% wth an average MW of 20000. 20

Synt hesi s Exanpl e 3: Synt hesi s of pol y(hexaf!l uoroi sopropanol

met hacryl at e-co- mal ei m de-co- hydr oxypropyl nethacryl ate-co-styrene 20.0 g

of lsoprowlxtm@&gfdwnﬁﬂ;&%m&m& dres I?@@&&éﬁé.ﬁm@%ﬁwmtwwpdlymeaf

mal ei m de, 6.0 g of hydroxyproryl rret hacryl ate and of styrene were
n xed 25 vmmmnen_’@wnl pbaserepparats frem eacmetfﬁmay\ﬁép.rﬂalw éerr@éZih%Wst ook

ooy tool TSREPBERBEnah: didiafbsdo AbAr 8 dim\iEre Rivill 38HYdrginchic:

After coolfi he reaction m xtur

pr eci pi tatdm‘mgns;ﬁ)h cuHtiag. bl]thba\senla Hase or calkalie mnighblel maidtyatod ensgliesthat ved i n

acet on T(pﬁy ?ol uti on s pr eci pitat Ed i n. t 2011/ 151719PCT/ 150 011/001229
& rl‘ﬁetﬁr LRYTTRGE OREEHEE BRIt dTMel PPREELETE 280 dT% di ng

a p0| yrrer dévieloid tﬂiutﬁ‘fgihgﬂ’h%ﬁfm&@:@%cummm?)ﬁhﬁh@éhﬁg &K peETEt featureSy NS Si s of

a copol yner of an aminoplast and a 5 pol 600 grans of tetranethoxynethyl

gl ycol uri Itheodifigrenae dn BYWPBh@b'@ltX/cQﬁtwﬁﬁﬂ they Wy RREYTRSr SCMPRNRBIS: iThar ged
into a 2L, %lft%f'l?gaf:i@s%(n‘é‘ﬂr{e@cgge%hﬁg\yﬁg@f e & PoRMER! foﬁh'é b%dé&‘f‘ﬂln@ cold

wat er cond ser eat e catal yt ¢ amount
par a- t ol uepregidirigordarc  anfirdfleativehyapating walh afdded optcao pr%‘t@%n whke

i nt t hi f
oo o R HE Wi o e <BibopEhf FFG FHOBaodblng B be"
i nto distiwktefl coptaet anbid eCAMtg,r bfithd ainprwhe that eonthet pnglxenierthe'laiglepol( g ggr
en

G am wer doBHPA PYSTOPTRE WAy e ek sEt e, e ot AW SR ul o

vei ght  of ;ﬂmwesnst film used in immersion lithography has a water contact angle of about
80°. Therefore the water contact angle of the antireflective coating film is in a

15  similar range of about 60°-85° or more preferably 70°-80° as detailed previously

in the detailed description of the first polymer component which is designed to

migrates to the surface of the cross-linked BARC blend. When the photoresist is

imaged and developed in an aqueous alkaline developer then the developer

contact angle of the antireflective coating film should be lower than the contact

20 angle in water, so that the developer has good wetting capability on the
antireflective coating surface and helps to reduce defects. The difference

between the contact angle in water and developer is in the range of 5° -156°. The

antireflective coating remains on the substrate after development.

The n and k values can be calculated using an ellipsometer, such as the J.

25 A. Woollam WVASE VU-32 ™ Ellipsometer. The exact values of the optimum
ranges for k and n are dependent on the exposure wavelength used and the type

of application. Modelling of the n and k values showed that in the film formed

from the novel composition a good fit was obtained for a dual layer film with a
uniformly mixed intermediate layer. Thus the surface of the film had the n and k

30 values approximating that of the first polymer, the bottom of the film had the n
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1517, 345 g/ ol and a pol ydi spersity of 2.7. Fornulation Exanple 1: 1.0 g
pol ymer from Synthesis exanple 1 was dissolved in 30 g of PGVEA/ PGVE 70/ 30

sol vent t‘?"gﬁigf's% .3 WM%solution. 0.1 g of tetranet hp’f%ﬁ@?mﬁm(ﬁhé@o' uril

20 and 0. Yo of dodecyl benzene sulfonic acid triet amne salt in
PGVEA/ PGVE 70/ 30 was added in the polynmer solution. The m xture was then
filtered through a mcro filter with a pore size of 0.2 urn. The solution
was then spun coated on a silicon wafer for 40 seconds. The coated wafer
was then heated on a hot plate for 1 minute at 200C. The anti-reflective
coating was 25 anal yzed on a spectroscopic ellipsoneter. The optim zed
refl ecti vearidkeslues apdrodifiating dest of 6@ sandnd heyedlasdrthereowapa anibdretly " k"

was 0.15. Fornul ati_on anple 2: 1.0 ol r. from Synt hesi anple 2
W di seol VBGARYeSEORE paEsoTadou e hetars RS0 4he Mthog
solution. 0.15 of tetramethoxynmethyl glycoluril Smd .1 of 10%.of
dodecyl benzene pptedegtivey cpating ﬁ9i"&’ﬁg'ﬁ'8“s'§l ¢oqte BEREr318, WNGas

added i n tihenmqhediel KAbihi t8Mhoge JKifedTinthel At IdiRA a8akiphing! §pif Gobtingeeh a
mcro filter wth a pore size of 0.2 urn. The solution was then spun coated
on a sil i cpnayieg.erTheofilmthigknassd. therantisefiactive gepiing wardeh #amhabewdian a
hot plate I ) . 1= ' | zed on
a spect rosriz'ﬁé? é bg“{]%(ZBﬁ%t é?’ %%%a-emgdgl%ndt hzéera{éragﬁ g}é% 6%'?1%2?(%“'%?1@%93 nm
was 1. 63 awentfoe sabsfficient tenglarad itizhe to 'rethowe sariyOfkesidual Foltvent @ndondésenpl e
3: 1.0 g polyner. from Sypt het.i c Exanpl e, 3 was.dissolved i.n 30 g of

PGVEN POVETORTIBKING, | dasht this Hﬂ%‘%‘ﬁ%% 1%, apirGliRaRe d-opsing g‘r’ prevent

t et r anet hqupeRRixng betweenl tHe iantifefieativk Bodtirly Sihd ﬂrﬂe"@gér Do 6YAtEE BHOUE it.
sulfonic acid triethylamne salt in PGVEA PGVE 70/ 30 was added in the

pol ymdP solhe Psferrath sangs ofitemper@trRds framahoed 10R7 GUgHAkeuti28PECT i Theer wi t h
a pore S! 25e8nt0aftidhBeive Sodfihdi hap ¥&% SR NofhBR!I M0y Aaféds 6P

waf er for secon e coa er was then heated o ot "plate for 1
m nut e at d@fiefleclive caating(skf| ecti ve coating was 20 anal yzed on a
spectroscopic ellipsoneter. The optim zed reflective index "n" at 193 nm

was 1.63 and t hfe firhsofr photonesistr éarebeted’ bh tmsoﬂ:tﬂé.umrmrpsatahﬁreﬂézﬁvml e 4:
1.0 g of pc%'aYiHE ranfdr 8gl]<es<¥ % %lej gt%nﬁél?ynpémeoﬁe R p(#llo:?(':srglsi\é{e %ol'vgné 0 gnoédge
15 bead remover may be applied after the coating steps to clean the edges of the

substrate using processes well known in the art.

The substrates over which the antireflective coatings are formed can be
any of those typically used in the semiconductor industry. Suitable substrates
include, without limitation, low dielectric constant materials, silicon, silicon

20 substrate coated with a metal surface, copper coated silicon wafer, copper,
aluminum, polymeric resins, silicon dioxide, metals, doped silicon dioxide, silicon
nitride, tantalum, polysilicon, ceramics, aluminum/copper mixtures; gallium
arsenide and other such Group 1ll/V compounds. The substrate may comprise

any number of layers made from the materials described above.

25 Photoresists can be any of the types used in the semiconductor industry,
provided the photoactive compound in the photoresist and the antireflective
coating substantially absorb at the exposure wavelength used for the imaging
process. Photoresists useful for immersion lithography are preferred. Typically,

photoresists suitable for imaging with immersion lithography may be used, where
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25 PGQGVEA/ PGVE 70/ 30 solvent to make a 3.3 wt% solution. 0.1 g of 10% of
dodecyl benzene sulfonic acid triethylamne salt in PGQVEA/ PGVE 70/ 30 was
added i n wbheop@ilsysir solution. The m xture then was fil peiggdiDosesh a
mcro filter with a pore size of 0.2 urn. The solution was then spun coated
on a silicon wafer for 40 seconds. The coated wafer was then heated on a
hot plate for 1 mnute at 30 200C. The anti-reflective coating was anal yzed
on a spectroscopic ellipsonmeter. The optim zed reflective index "n" at 193
nmwas 1.89 and the absorption paraneter "k" was 0.34. Fornul ati on Exanpl e
5: 5 0.1g polynmer from Synthesis Exanple 1 and 0.9 g polyner from Synthesis
Exanpl e 4 suxch ghstoesisid ihavéOagreﬁacB@/EAdBG\/Eigﬁ@f 3Basol \Bdntando alsekara 3. 3
wt % sol ution of 10%of dqodec enzene sul f opj d triethylam ne
salt i n" pabEERaiS vying vw&er o ana's H'et?‘ﬁdPS)%PP & %0, The m xtur o
t hen wasfllterﬁh éhrou amcrofllter | E’ e size of 0.2 urn. The
solution was th #esp r%oéfeeds%‘f?ra' s’T‘PIO(Eo eGRf él[trqv&lehdug)ecmurq-he

coat ed Waft‘é&hﬂ@@gl%@@ﬁathﬁ‘é\ﬁéﬁrd?ﬁhéﬂ Sehifiehat §d\7é?{ceilnéﬁtwmnﬁftur?2@ﬂ§n and
Formul ati on Exa nmer from Synthesis Exanple 1 and 0.8 g

g
pol yrmerd f rtbm;esy;g)la@m of ZQSEm,ni)SP nm,\{5d and 4815 em. i Rhapresists fPG&@\/mGVE

70/ 30 solv 3 sol ut

sul foni ¢ aci t&P@ﬁgl g)r%éﬂe t\gaéod (I)HPEQIEN@E@EQ‘}@P B%Q({g(gtggﬁge%&aeﬁgeene
pol ynmer sodopiolyomers/bimiurm salts, &sudheasmﬂmsél desoribddt imr QlFy,491628 carfd IUr with
a pore siz 2 urn. The ti was .t hen I

Wa1l‘o er for ﬁégéég(%nc@" ﬂ'ﬁ]‘éth(%g g QQrI;as qrh%pggﬁrqi%t:{%ﬂn@nﬁeguﬁ%ploﬁggt e
for 1 m n%@nﬁtuc%@%eé@mﬁd é}bhﬁﬂlcEé@éTbbéqJe abthbs Wabelengiy. IS aB4y62hesi s
Exanple 1 and 0 gs%lyms from Synthesis Exanple 4 was dissglved in 30 g

of Pt FadEUSFH.8 fdisglose Pheleeesists useful for 193 nm exposure. Generally,

polymers containing alicyclic hydrocarbons are used for photoresists for

exposure below 200 nm. Alicyclic hydrocarbons are incorporated into the
polymer for many reasons, primarily since they have relatively high carbon to
hydrogen ratios which improve etch resistance, they also provide transparency at
15 low wavelengths and they have relatively high glass transition temperatures. US
5,843,624 discloses polymers for photoresist that are obtained by free radical
polymerization of maleic anhydride and unsaturated cyclic monomers. Any of the
known types of 193nm photoresists may be used, such as those described in US

6,447,980 and US 6,723,488, and incorporated herein by reference.

20 After the coating process, the photoresist is imagewise exposed. The
exposure may be done using typical exposure equipment. The exposed
photoresist is then developed in an aqueous developer to remove the treated
photoresist. The developer is preferably an aqueous alkaline solution comprising,
for example, tetramethylammonium hydroxide (TMAH). Mostly, 2.3 weight%

25 TMAH in water is used. The developer may further comprise surfactant(s). An
optional heating step can be incorporated into the process prior to development

and after exposure.

The process of coating and imaging photoresists is well known to those

skilled in the art and is optimized for the specific type of photoresist used. The
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25 Wt % solution. 0.1 g of 10% of dodecyl benzene sulfonic acid triethylam ne
salt in PGQVEA PGVE 70/ 30 was added in the polyner solution. The m xture

t hen was Wwphbharggbhrough a mcro filter with a pore siper@b2RQ1/6019890. The
solution was then spun coated on a silicon wafer for 40 seconds. The coated

waf er was then heated on a hot plate for 1 mnute at 200C. WO

2011/ 151719PCT/ 1B2011/ 001229 Fornul ati on Exanple 8: 0.1g polyner from

Synt hesis Exanple 2 and 0.9 g polyner from Synthesis Exanple 4 was

di ssolved in 30 g of PGQVEA/ PGVE 70/ 30 solvent to make a 3.3 5 wt % sol uti on.
0.1 g of 10% of dodecyl benzene sulfonic acid triethylamne salt in

PGVEA/ PGVEpattsraed wabstaieeean therm bepdiyy aished ovith aoretching gas oomeixtuse ®f was

filtered thro a_m i r W a .Z& 0 l.yti on
uhs. then SO tnta bt edffonthitrd itk oR et bxfloded Borddf BF'E L O]
was then hamstirefleciivedfilfmodr multipke fayerd ofriantitefleative? 664tings) withrr thiel retriatmingxanpl e

9: 0.2 g polyner from Synthesis Exanple .2 and 0.8 ol r from,Synthesis
Eanpi e 4 REIOMS P0G 55 P10ich TBROPCNERPHERENY SBsSoPURIowR tEas, 3. 3
wt % solgit 'f?.)F-et&aiﬁ%%)\l;génié%tﬁéﬂéiﬁi@é%’déiﬁl@é,eBﬁcﬁ Wsf Pokse @shghising @{,:mam ne
salt in 15 PGQVEA 70/ 30 was added in the polyner solution. The m xture
then was fECHFerel, HBr.cXgh GOmRtero filter with a pore size of 0.2 um The

solution was then spun coated on a silicon wafer for 40 seconds. The coated
waf er was then Becht off tba docvsenss aederred to abougt aretincgporated hepgin by

Synt hosi & "EISRRTS 12 13 EEE: Sroal BhihogtR, CFRERofudflg Shedind BRnHETES vifi O
provide detailed illustrations of the methods of producing and utilizing
10 compositions of the present invention. These examples are not intended,
however, to limit or restrict the scope of the invention in any way and should not
be construed as providing conditions, parameters or values which must be

utilized exclusively in order to practice the present invention.

15 EXAMPLES

The refractive index (n) and the absorption (k) values of the antireflective
coating in the Examples below were measured on a J. A. Woollam VASE32

ellipsometer.

The molecular weight of the polymers was measured on a Gel Permeation

20 Chromatograph.

Static contact angle (SCA) data were collected using VCA 2500XE (Video

Contact Angle System) from AST Products, Inc. (9 Linnell Circle, Billerica, MA
01821) using OmniSolv water from EM Science (480 Democrat Road, Gibbstown,

NJ 08027) or AZ® 300MIF Developer (available from AZ® Electronic Materials

25 USA Corp., 70, Meister Ave., Somerville, NJ 08876). Tests were carried out in
Class-1000 Fab environment. Static contact angle were reported as average

value from more than five measurements.
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Exanmpl e 4 was dissolved in 30 g of PGVEA/ PGVE 70/ 30 solvent to nake a 3.3
wt % solution. 0.1 g of 10% of dodecyl benzene sulfonic acid triethylam ne

salt in S5y8QYBAsPHYE 70/ 30 was added in the pol yner sol wgiir@B2017/8258 Xt ure
then was filtered through a micro filter with a pore size of 0.2 um The

solution was then spun coated on a silicon wafer for 40 seconds. The coated
waf er was then heated on a hot plate for 1 mnute at 200C. 10 Formul ation
Exanple 11: 0.05 g polynmer from Synthesis Exanple 3 and 0.95 g pol ynmer from
Synt hesi s Exanple 4 was di ssolved in 30 g of PGVEA/ PGVE 70/ 30 solvent to
make a 3.3 % solution. 0.1 g of 10% of dodecyl benzene sul fonic acid

tri et hyl anSyathesis iExdrapie’ F1@|VE 79#60135&5 aafde goly(hekaflpotoiseprapaned i on.

The m xture if?ﬁen 315f|Iter r;yougham roflltfﬁr with a pore size of

0.2 um ThHEethAGY|afA-aRsMelRLm! SLPEWPIATY mﬁﬂi‘? Bafer for 40

seconds. The coat ed waf er was then heated o or nut

2ooc For niR-9t9 ehisereaRyl bexafiuosgisgprppang) ryﬁﬁ}acrﬂ &/ﬁ%‘ﬁ&iﬁ Q'éxg]r?pg é’?s and

0.9 I PGVE
POl yiBleithiddn &Y g hﬁ%fdméz}&myﬁo o utnlfeotn@élgmn 16 SPbréerhikell Fthdino28Q@ViefY

70/ 30 solvent to rfake 1 g of 10% of dodecyl benzene
sul f oni& aletrahydrofurag| @iiMme selyent. |Th€PGWE/m€F@$EOTJCﬂe@9tIQ@§09|ﬂdé@P€I in tthe

I fil ith
DL YTET SRSk o3 LRI of 18PC BRI Ik SO BLSPabIGT 1!
waf er for rdonstsopetaturéhtheceactioh wiktare was priheipithtedtindleionized(id) wadere for 1

m nute at 200C,. WO 2011/ 151719PCT/ 1B20 001229 For {on apple 13
0.2 g pol yhe& Whits Rolymer3ali WE?%“Egénérf% &8 V@"HBI%#@?& ¢ V'Slﬂl'z@ggﬁee%i s
Exanpl e 4 (9p8;,)diifsah woera I@W ef 9, 066VEA/ PGVE 70/ 30 solvent to nake a 3.3
wt % sol ution. 0.1 g of 10% of dodecyl benzene sul fonic acid triethylam ne

salt i 5 PGVEA/ PGVE 70/ 30 was added in the polymer solution. The mixture

t hen was f t L.Cro tdy a The
sol ution V\%@ﬁhe% stg}ﬁ#‘gg‘aet e? on aégﬁ ?(%E)érllm V\‘gfepgm Oﬂlg%ﬁl)sgp'%p%ﬁgicoat ed
waf er was metimadrylatedosmaleimidesioahydifaxypropylmethagrylgeco-gtyréhneg nul ati on
Exanple 14: 0.5 g polyner from Synthesis Exanple 3 and 0.5 g polyner from
Synt hesi s ﬂ)(a@d)felsépml Ué@Mw@dopmpaﬁolgnemaBGfmA/(MTHB -Bbi)sdlivgnf to

ek & % bl E SheoRiodedert e IS S S B o
The mipg urgith eM28g of THF solvent. The polymerization reaction took place in the
presence of 0.7 g of AIBN at 75 °C under nitrogen for 20 h. After cooling down to
room temperature, the reaction mixture was precipitated in DI water. The white
polymer solid was washed and dried in vacuo at 45 °C yielding 29.7 g (93%) with
an average MW of 20000.
20
Synthesis Example 3: Synthesis of poly(hexafluoroisopropanol

methacrylate-co- maleimide-co-hydroxypropyl methacrylate-co-styrene

20.0 g of Isopropyl hexafluoroisopropanol methacrylate (MA-BTHB-OH), 4.1 g of
maleimide, 6.0 g of hydroxyproryl methacrylate and 1.8 g of styrene were mixed
25 with in 120 g of PGME solvent. The polymerization reaction took place in the
presence of 3.0 g of AIBN at 85 °C under nitrogen for 4 h. After cooling down to
room temperature, the reaction mixture was precipitated in DI water. The solid

was collected, dried and redissolved in acetone. The solution was precipitated in
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15 filtered through a mcro filter with a pore size of 0.2 urn. The
sol ution was then spun coated on a silicon wafer for 40 seconds. The coated

waf er wasybheiyfgabed on a hot plate for 1 minute at 209crBMalv@abion of
Resi stance to Sol vents and Devel oper for BARC Filnms 20 PGQVEA/ PGVE 70: 30

sol vent was di spensed on the silicon wafer coated with BARC materials from
Formul ati on Exanpl es 1-14. The sol vent was renoved by nitrogen bl ow ng
after 60 s. No significant filmlosses were observed. Sim|ar experinents
were perfornmed with devel oper, AZ(r) 300M F Devel oper. The coating from
Formul ati on Exanple 1 (polynmer from Synthesis Exanple 1) 25 dissolved in
devel oper DOluwater. The sotidderoducttwas waBABT and dred irovadurvead5 &€ Yelding at i on

Exanpl es 2-14 de strated resi.gt ance to the devel oper. WO

2011/ 15171@%@?1@6@/@@%@%%&rﬁf§§bamgl e Measurenments for BARC coatings
The BARC filnms resulting from Fornul ati on Exanples 1-20 were subjected to
contact angle studies. For each coated wafer, five drops of water were
added to thwnthesisExampledhwoyntbesis,pfl a copelvimenef an apineplaghandc? angl e

of wat gy V\B‘?'Xa' measured by using VCA 2500XE system By averaging these five
contact ang data gave the contact angle of water for the BARC s. By using

devel oper é(ﬁﬁzgr%%s M @ramﬁ%&éxi‘é@g%?rilggg é{rgrlr\g%f‘sﬁggi\%@yéﬁf@n@ﬁ?%dur e

as descri be bove, the con oper o was neasur ed.
The resul tgraarseof PGMEAawkse thafed mt® a 2hdadketed flaskowith @ thembimester, wi t h

top polyners from Synthesis 10 amples 1, 2. and, 3. respegiioxel For

ol yhrer o TPEARI ST B, 7 eld Wl Fopdaies 0 Heald L Bh et Mgt

i ncrement gQRti@dsthbinstn odf paraaohigpesufsiid cadi®! moRohydra® Swy keded, i@l e 1
is not as effective as desired. It results framthe nature of |ow

f 1 uor i ¥at &eaREPhINGR ManiRined At Hiie 1emPerRUEIPy RS- FP rerfitipRetalutionopas

Synt hesi s tﬁéﬁraab%d%o%gnﬂteﬁﬁaé}hﬁné)anarm@%dnﬁ{ém&%@r}«ég%h{%ﬁwpgu%@m%e 15 3

and 4 (Table 3), significant increase of contact angle w addi tion of
hydr ophobi @stiledywates whilerstigjmg ke precipiatenthe pelymer3The pohgeenwas filtategh

i ndi cat es [ | ayer i esl le 2
and 5 cont SR Bibrpihuy Ml e BPE R B, B Tacut BUemI@E0 gal IR,

r e¥|eal s t fmjtamba).l‘i%éﬁolj‘nher 8bﬂgidﬁﬂﬂ_®ad awgrei%l?tedv%nmcumighmﬁ dbouant

i nfluence an_the, gradi ent 20 behavi qr._Table 1. measur enents for

f or mul? iof7s3%$9{58‘?'ﬂﬂ5'r%pf’&’8iﬁp§ﬁttyﬁ§%-é exanple 1 and 4 Pol yner Conposition
(w9

Formulation Example 1:

1.0 g polymer from Synthesis example 1 was dissolved in 30 g of PGMEA/PGME
70/30 solvent to make a 3.3 wt% solution. 0.1 g of tetramethoxymethyl glycoluril
20 and 0.1 g of 10% of dodecylbenzene sulfonic acid triethylamine salt in
PGMEA/PGME 70/30 was added in the polymer solution. The mixture was then
filtered through a micro filter with a pore size of 0.2 um. The solution was then
spun coated on a silicon wafer for 40 seconds. The coated wafer was then
heated on a hot plate for 1 minute at 200°C. The anti-reflective coating was
25 analyzed on a spectroscopic ellipsometer. The optimized reflective index “n” at

193 nm was 1.60 and the absorption parameter “k” was 0.15.

Formulation Example 2:

26



Formul ati on Exanpl e Synthesis Exanple 1 Synthesis Exanple 4 Contact angle
to water 4 0 100 47.5 5 10 90 55.0 6 20 80 58.4 7 50

WO 2011/151719 PCT/1IB2011/001229

1.0 g polymer from Synthesis Example 2 was dissolved in 30 g of
PGMEA/PGME 70/30 solvent to make a 3.3 wt% solution. 0.15 g of
tetramethoxymethyl glycoluril and 0.1 g of 10% of dodecylbenzene sulfonic acid
triethylamine salt in PGMEA/PGME 70/30 was added in the polymer solution.
5 The mixture then was filtered through a micro filter with a pore size of 0.2 um.
The solution was then spun coated on a silicon wafer for 40 seconds. The
coated wafer was then heated on a hot plate for 1 minute at 200°C. The anti-
reflective coating was analyzed on a spectroscopic ellipsometer. The optimized
reflective index “n” at 193 nm was 1.63 and the absorption parameter “k” was

10 0.17.

Formulation Example 3:

1.0 g polymer from Synthetic Example 3 was dissolved in 30 g of PGMEA/PGME
70/30 solvent to make a 3.3 wt% solution. 0.15 g of tetramethoxymethyl glycoluril
15 and 0.1 g of 10% of dodecylbenzene sulfonic acid triethylamine salt in
PGMEA/PGME 70/30 was added in the polymer solution. The mixture then was
filtered through a micro filter with a pore size of 0.2 um. The solution was then
spun coated on a silicon wafer for 40 seconds. The coated wafer was then
heated on a hot plate for 1 minute at 200°C. The anti-reflective coating was
20 analyzed on a spectroscopic ellipsometer. The optimized reflective index “n” at

193 nm was 1.63 and the absorption parameter “k” was 0.17.

Formulation Example 4:

1.0 g of polymer from Syntheses Example 4 was dissolved in 30 g of
25 PGMEA/PGME 70/30 solvent to make a 3.3 wt% solution. 0.1 g of 10% of
dodecylbenzene sulfonic acid triethylamine salt in PGMEA/PGME 70/30 was
added in the polymer solution. The mixture then was filtered through a micro filter
with a pore size of 0.2 um. The solution was then spun coated on a silicon wafer
for 40 seconds. The coated wafer was then heated on a hot plate for 1 minute at

30 200°C. The anti-reflective coating was analyzed on a spectroscopic ellipsometer.
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50 72.4 1 100 0 74.4 Table 2. CA neasurenents for fornul ations of polyners
fromsynthesis exanple 2 and 4 Pol yner Conposition (W% Fornul ation

%8”2'9%3%6"299%5&15(3@' e 2 Synthesis Exanple 4 Contact paighsii/gopter 4 0

The optimized reflective index “n” at 193 nm was 1.89 and the absorption

parameter “k” was 0.34.

Formulation Example 5:

5 0.1g polymer from Synthesis Example 1 and 0.9 g polymer from Synthesis
Example 4 was dissolved in 30 g of PGMEA/PGME 70/30 solvent to make a 3.3
wt% solution. 0.1 g of 10% of dodecylbenzene sulfonic acid triethylamine salt in
PGMEA/PGME 70/30 was added in the polymer solution. The mixture then was
filtered through a micro filter with a pore size of 0.2 um. The solution was then

10  spun coated on a silicon wafer for 40 seconds. The coated wafer was then

heated on a hot plate for 1 minute at 200°C.

Formulation Example 6:

0.2 g polymer from Synthesis Example 1 and 0.8 g polymer from Synthesis
15 Example 4 was dissolved in 30 g of PGMEA/PGME 70/30 solvent to make a 3.3
wt% solution. 0.1 g of 10% of dodecylbenzene sulfonic acid triethylamine salt in
PGMEA/PGME 70/30 was added in the polymer solution. The mixture then was
filtered through a micro filter with a pore size of 0.2 um. The solution was then
spun coated on a silicon wafer for 40 seconds. The coated wafer was then

20 heated on a hot plate for 1 minute at 200°C.

Formulation Example 7:

0.5 g polymer from Synthesis Example 1 and 0.5 g polymer from Synthesis
Example 4 was dissolved in 30 g of PGMEA/PGME 70/30 solvent to make a 3.3
25 wit% solution. 0.1 g of 10% of dodecylbenzene sulfonic acid triethylamine salt in
PGMEA/PGME 70/30 was added in the polymer solution. The mixture then was
filtered through a micro filter with a pore size of 0.2 um. The solution was then
spun coated on a silicon wafer for 40 seconds. The coated wafer was then

heated on a hot plate for 1 minute at 200°C.
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8 10 90 70.3 9 20 80 72.4 10 50 50 74.4 2 100 0 78.5 Table 3. CA
measurenents for formnul ations of polyners fromsynthesis exanple 53 and 4
WO 2011/151719 PCT/IB2011/001229

Formulation Example 8:

0.1g polymer from Synthesis Example 2 and 0.9 g polymer from Synthesis
Example 4 was dissolved in 30 g of PGMEA/PGME 70/30 solvent to make a 3.3

5 wt% solution. 0.1 g of 10% of dodecylbenzene sulfonic acid triethylamine salt in
PGMEA/PGME 70/30 was added in the polymer solution. The mixture then was
filtered through a micro filter with a pore size of 0.2 um. The solution was then
spun coated on a silicon wafer for 40 seconds. The coated wafer was then
heated on a hot plate for 1 minute at 200°C.

10

Formulation Example 9:

0.2 g polymer from Synthesis Example 2 and 0.8 g polymer from Synthesis
Example 4 was dissolved in 30 g of PGMEA/PGME 70/30 solvent to make a 3.3
wt% solution. 0.1 g of 10% of dodecylbenzene sulfonic acid triethylamine salt in
15 PGMEA/PGME 70/30 was added in the polymer solution. The mixture then was
filtered through a micro filter with a pore size of 0.2 um. The solution was then
spun coated on a silicon wafer for 40 seconds. The coated wafer was then

heated on a hot plate for 1 minute at 200°C.

20
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Pol ymer Conposition (wt% Formnul ati on Exanpl e Synthesis Exanple 3 Synthesis
Exanpl e 4 Contact angle to water Contact angle to devel oper 4 0 100 47.7

51.4 11 5§8206A51719 PCT/IB2011/001229

Formulation Example 10:

0.5 g polymer from Synthesis Example 2 and 0.5 g polymer from Synthesis
Example 4 was dissolved in 30 g of PGMEA/PGME 70/30 solvent to make a 3.3
wt% solution. 0.1 g of 10% of dodecylbenzene sulfonic acid triethylamine salt in
5 PGMEA/PGME 70/30 was added in the polymer solution. The mixture then was
filtered through a micro filter with a pore size of 0.2 um. The solution was then
spun coated on a silicon wafer for 40 seconds. The coated wafer was then

heated on a hot plate for 1 minute at 200°C.

10 Formulation Example 11:

0.05 g polymer from Synthesis Example 3 and 0.95 g polymer from Synthesis
Example 4 was dissolved in 30 g of PGMEA/PGME 70/30 solvent to make a 3.3
wt% solution. 0.1 g of 10% of dodecylbenzene sulfonic acid triethylamine salt in
PGMEA/PGME 70/30 was added in the polymer solution. The mixture then was
15 filtered through a micro filter with a pore size of 0.2 um. The solution was then
spun coated on a silicon wafer for 40 seconds. The coated wafer was then

heated on a hot plate for 1 minute at 200°C.

Formulation Example 12:

20 0.1g polymer from Synthesis Example 3 and 0.9 g polymer from Synthesis
Example 4 was dissolved in 30 g of PGMEA/PGME 70/30 solvent to make a 3.3
wt% solution. 0.1 g of 10% of dodecylbenzene sulfonic acid triethylamine salt in
PGMEA/PGME 70/30 was added in the polymer solution. The mixture then was
filtered through a micro filter with a pore size of 0.2 um. The solution was then

25 spun coated on a silicon wafer for 40 seconds. The coated wafer was then

heated on a hot plate for 1 minute at 200°C.
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Formulation Example 13:

0.2 g polymer from Synthesis Example 3 and 0.8 g polymer from Synthesis
Example 4 was dissolved in 30 g of PGMEA/PGME 70/30 solvent to make a 3.3
wt% solution. 0.1 g of 10% of dodecylbenzene sulfonic acid triethylamine salt in
PGMEA/PGME 70/30 was added in the polymer solution. The mixture then was
filtered through a miicro filter with a pore size of 0.2 um. The solution was then
spun coated on a silicon wafer for 40 seconds. The coated wafer was then

heated on a hot plate for 1 minute at 200°C.

Formulation Example 14:

0.5 g polymer from Synthesis Example 3 and 0.5 g polymer from Synthesis
Example 4 was dissolved in 30 g of PGMEA/PGME 70/30 solvent to make a 3.3
wt% solution. 0.1 g of 10% of dodecylbenzene sulfonic acid triethylamine salt in
PGMEA/PGME 70/30 was added in the polymer solution. The mixture then was
filtered through a micro filter with a pore size of 0.2 um. The solution was then
spun coated on a silicon wafer for 40 seconds. The coated wafer was then

heated on a hot plate for 1 minute at 200°C.

Evaluation of Resistance to Solvents and Developer for BARC Films

PGMEA/PGME 70:30 solvent was dispensed on the silicon wafer coated with
BARC materials from Formulation Examples 1-14. The solvent was removed by
nitrogen blowing after 60 s. No significant film losses were observed. Similar
experiments were performed with developer, AZ® 300MIF Developer. The
coating from Formulation Example 1 (polymer from Synthesis Example 1)
dissolved in developer due to the imide content. BARC films from the other

Formulation Examples 2-14 demonstrated good resistance to the developer.
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0 76.8 64.4 Optical Analysis of Grade Materials Optical analyses of the
graded materials were perfornmed using Vari abl e Angl e Spectroscopic

El Ii psomagbwo{iAPREY. The optical dispersion nodels 10 ( Y¥aPESI196008C. mat by
J. A Wolam for the uniformfilns from Fornul ati on Exanples 2 and 4 were

used to nodel the filnms formed fromthe bl ends of these 2 conponents which
are Formul ati on Exanple 8, 9, and 10. Experinental data (A LI)) from phase
segregated filns were fit to various |ayered nodels. Anbng these were a
dual layer, a dual layer with a uniformy mxed interm x region in 15
between, a dual layer with a graded region in between, and a single graded
| ayer. TheCdntdct Aygle Measuremaerits JonBAREC xedtingser m x regi on was found to
be an excellent fit which is also consistent with the conpositions in the

f2 8r IT}J| ati ogh%TrE?!\Roeﬂn/sswsumr@bfraﬂnnEdrwaﬁmEa@mpawI1ezmmeasrmbjmited toV\D
11/ 151719P 1B2011/ 00122 ar at i
{1 t nogr aphFRS AR EIEE S PorEAdt Fabted pyales e CEony ?E@aﬁ%wwépﬂsﬂ Qas

eval uat ed gl &gnéz(dp) deWR, At Ahd! iight RIFEAS bE Sabér. cﬂ?ﬁac&% é Of wfter was

Fornul ation 5 Exanple 4 was coated on a silicon wafer and baked at 200C for

60 secdndsmeasiney rysing MGA ZROAAB BYsient.o Bysaveragingdoesamiive contaslsandlat ed
o0 kel Bialdhle b cdfeaciniis e 19'5¢ MRCiLCRy BAs tosaEKPpre
seconds ans80@MIE) inptecdusfiwaterand)folBGNG Fhel samlequecedure aiodmnbadsabova,e l'ine
and space the contact angle of developer on BARC was measured. The results are shown
Table 1, Table 2, and Table 3 for formulations with top polymers from Synthesis
10 Examples 1, 2, and 3; respectively. For polymers from Synthesis Example 1 and
4 (Table 1), the contact angle increment upon addition of the hydrophobic
polymer from Synthesis Example 1 is not as effective as desired. It results from
the nature of low fluorinate and high imide content in the polymer. For polymers
from Synthesis Example 2 and 4 (Table 2) or polymers from Synthesis Example
15 3 and 4 (Table 3), significant increase of contact angle with addition of
hydrophobic polymers from Synthesis Example 2 or 3 is observed, which
indicates a graded top layer is formed. Polymers from Synthesis Example 2 and
3 contain significant amount of hydrophobic units. The result also reveals that the
MW of the top layer material does not have significant influence on the gradient

20 behavior.

Table 1. CA measurements for formulations of polymers from synthesis example
1and 4

Polymer Composition (wt%)

Formulation Synthesis Example Synthesis
Example 1 Example 4 Contact angle to water
4 0 100 47.5
5 10 90 55.0
6 20 80 58.4
7 50 50 72.4
1 100 0 74.4
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10 patterns when observed under scanning el ectron m croscope showed no
standi ng waves, thus indicating the efficacy of the bottomanti-reflective
coati ng WRbGhieibned on the substrate after devel opmepirakidiesgraphy
Exanple 2 15 The |ithographic performance of the anti-reflective coating
formul ati on was eval uated using AZ(r) EXP AX2110P photoresist. The solution
of Fornul ati on Exanple 8 was coated on a silicon wafer and baked at 200C
for 60 seconds. Using AZ(r) EXP AX1120P photoresist a 190 nmfil m was
coated and baked at 100C for 60 seconds. The wafer was then imgew se
exposed using a 193 nm 20 exposure tool. The exposed wafer was baked at
110C for 60aklechn@A neasuliemehtsgfod fargiutalioAs (af poBddkvs Frode switbpsis exampbd
seconds. The |ine and space patterns 2dmah4observed under scanning el ectron

m cr oscope showed no stan%’;q waqees, t hus i 'bcati ng the efficacy of the
bottom anti-reflective coatd )ﬁaer ﬂ@pﬁﬁit'f)@r( ofil e has shown reduced

footing/sc conparing to the results 25 from Conparative Lithography
Exanpl e 1. lEnO@“é”gi\?" 1.éﬂﬁhﬁ?{§iE§<€m tié?)éntéﬁ%{ﬁi ng conprising a mixture of a
first pol yfe@8 a secdnd pol ymer, and>tPlertal SONRchaRgRdPdYateinere the
first polymer 54%onprises at |I®ast one fludPBal cohol noi A48 at | east one
al i phatic hydro®yl moiety, an#0at |east on@Gcid noiety ofhdr than

f1 uoroal cohol W% h a pKa in tB@ range of ald8ut 8 to about7214; where the
second polynmer 1@ a reaction pPoduct of an &hi nopl ast conffodind with a
conpound conpri 2 ng at | east 100 hydroxyl a@d/or at | east78&%e acid group.
10 2. The antireflective coating conposition of claiml1, where the first
pol ymer further conprises an aromatic group. 3. The antireflective
coating cofpblei3.iCMnwfasarethéntd forformulations of pelyfrers frodbsymtheui®exayipe has
structwe (1) (-Pa )3( ( P5)Y (I)3aitksae ID1 is a nononeric unit
conprising a fluoroal cghol iety, P2 is a 20 nmononeric unit conprising an
al i phatic al cohol grcﬁfﬁYmP@ggg‘pé’smﬂg%i’?c unit conprising an i mde noiety;
P4 is a nmononeric unit conprising a base ioni d aryl hydroxy noiety; P5

i s an opti GRENUlAABmMEYNEhesiHeat SYRthesifonpri sPRgledA ar yCoblachaBPIRdPe i et y;
u, v, w, xBExpmple refxeswiesdti vExampimfied prop@tari on of depelgPelinits in a
pol ymer chain 4nd where 0 v, are giater thart70/ at | east 54k of 25 w and

X is greater tthn zero arfd y is zer85or great &3.7 60.6
12 10 90 70.3 62.9
13 20 80 72.5 63.3
14 50 50 73.1 63.3
3 100 0 76.8 64.4

Optical Analysis of Grade Materials

Optical analyses of the graded materials were performed using Variable

Angle Spectroscopic Ellipsometry (VASE). The optical dispersion models

10 (WVASE® genosc.mat by J.A.Woolam) for the uniform films from Formulation
Examples 2 and 4 were used to model the fiims formed from the blends of these

2 components which are Formulation Example 8, 9, and 10. Experimental data

(A, W) from phase segregated films were fit to various layered models. Among
these were a dual layer, a dual layer with a uniformly mixed intermix region in

15 between, a dual layer with a graded region in between, and a single graded
layer. The dual layer with a uniformly mixed intermix region was found to be an
excellent fit which is also consistent with the compositions in the formulation and

the results obtained by contact angle measurements.
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4. The antireflective coating conposition of any one of clainms 1 to 3,
where the first pol ymer conprising and fluoroal cohol group is a unit of

struct ur gyh3) /fg%lzy?Rfl Rf2 OH (2) where X is ethyleni CPE!'i‘hf;zo?i/O(ﬁHESt [ }?tjt ed

ethylenic unit

s selected froman al kyl ene and aryl ene group, and |

and Rf2 are independently a fluoro(C 5 C4al kyl group. 5.The antireflective
coating conposition of any one of clains 1 to 4, where first polyner

conprising the imde noiety is unit of structure (8) or (9)

where R1, R2

and R3 are independently selected from hydrogen and (Cl-C4)alkyl, R'4 is a
| i near (Cl-Cl10)al kyl group or an (C6-Cl1l4) aryl noiety and R8 is a direct

val ence bond or

coating co 05|thn Zﬂ any one of claims 1 to 5, where first polyner
thodkg

conpri sing m?aéf’?'ﬁﬁ

10

15
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PRV EXPMRIEdiy is a unit of structure (7)
The lithographic performance of the anti-reflective coating formulation was
evaluated using AZ® EXP AX2110P photoresist. The solution of Formulation
Example 4 was coated on a silicon wafer and baked at 200°C for 60 seconds.
Using AZ® EXP AX1120P photoresist a 190 nm film was coated and baked at
100°C for 60 seconds. The wafer was then imagewise exposed using a 193 nm
exposure tool. The exposed wafer was baked at 110°C for 60 seconds and
developed using AZ® 300MIF developer for 30 seconds. The line and space
pattemns when observed under scanning electron microscope showed no
standing waves, thus indicating the efficacy of the bottom anti-reflective coating

which remained on the substrate after development.

Lithography Example 2

The lithographic performance of the anti-reflective coating formulation was
evaluated using AZ® EXP AX2110P photoresist. The solution of Formulation
Example 8 was coated on a silicon wafer and baked at 200°C for 60 seconds.
Using AZ® EXP AX1120P photoresist a 190 nm film was coated and baked at
100°C for 60 seconds. The wafer was then imagewise exposed using a 193 nm
exposure tool. The exposed wafer was baked at 110°C for 60 seconds and
developed using AZ® 300MIF developer for 30 seconds. The line and space
patterns when observed under scanning electron microscope showed no
standing waves, thus indicating the efficacy of the bottom anti-reflective coating.
The pattern profile has shown reduced footing/scum comparing to the resuilts

from Comparative Lithography Example 1.
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Is a (Cl Cl10) al kyl ene spacer group. 6.The antirefiective
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where R1, R2 and R3 are independently selected from hydrogen and

(Cl1-C4)al kyl, independently selected fromhydrogen and (Cl-C4)alkyl, R4 is
hydr ogen Wo 2811/15Y¥0 2011/ 151719PCT/ 1B2011/ 001229 (G - G raghisyh1/861920, and
RO is selected froma direct bond and a (G -Cl2)al kyl spacer group. 7.The
antireflective coating conposition of any one of clains 1 to 6, 5 where
first polymer conprising the aromatic hydroxyl noiety is a unit of
structure (10a) or ( 1 ), ...(CoFl)n O -nb----- Ar(10b) 10 where Ar is
an aryl noiety, where Rl, R2 and R3 are independently selected from
hydrogen and (Cl-C4)al kyl, R4 is a (Cl-C10)al kyl group or an (C8-Cl4) aryl
noi ety R5 Clkimas:di rect val ence bond or a spacer group R6 and R7 are

i ndependent |y sel ected from hydrogen, (Cl-Cl10) al kyl group, an aryl noiety
(C8-Cl14), a (C2- CB)carbonyl oxyal kyl, and (C2-C8) carbonyl, and n=1-3 15
8. The antif.ef| exi ianGrefiestive) @oatndp @dnpristhgdh mturenef af fish Polmér bad 7a where

the aromatic group is a unjt of structure
second polymer, and a thermal acid generator, where the first polymer
5 comprises at least one fluoroalcohol moiety, at least one aliphatic hydroxyl
moiety, and at least one acid moiety other than fluoroalcohol with a pKa in the
| range of about 8 to about 11; where the second polymer is a reaction product of
an aminoplast compound with a compound comprising at least one hydroxyl
and/or at least one acid group.

10 4

2. The antireflective coating composition of claim 1, where the first polymer

further comprises an aromatic group.

3. The antireflective coating composition of claim 1 or 2, where the first
15  polymer type has structure (1)

.._._P —_— — —_— (R —_— —_— —_— | ——

( ! )u( P2 )V( Ps )w( i )x( Ps )y (1)

where P; is a monomeric unit comprising a fluoroalcohol moiety, P, is a
20 monomeric unit comprising an aliphatic alcohol group; P3; is a monomeric unit

comprising an imide moiety; P4 is a monomeric unit comprising a base ionizable

arylhydroxy moiety; Ps is an optional monomeric repeat unit comprising an aryl

chromophore moiety; u, v, w, X, y are representative of mole% proportion of

repeat units in a polymer chain and where u, v, are greater than 0, at least one of .

25 wand x is greater than zero and y is zero or greater.

4. The antireflective coating composition of any one of claims 1 to 3, where

the first polymer comprising and fluoroalcohol group is a unit of structure (2)
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20 where Ar is an aryl noiety, where RlL, R2 and R3 are independently
sel ected from hydrogen and (Cl-C4)al kyl, R4 is a (Cl-Cl0)al kyl group or an

(C8-Cl14) wovhimBiAaby RS is a direct val ence bond or a spe¢gB2diHMB20R6 and
R7 are independently selected from hydrogen, (Cl-Cl10) al kyl group, an aryl

noiety (C8-Cl4), a (C2- 25 CB)carbonyl oxyal kyl, and (C2-C8) carbonyl. WO
2011/ 151719PCT/ 1B2011/ 001229 9. The antirefl ective coating conposition of
any one of claims 1 to 8, where second polyner is a reaction product of an
am nopl ast with a pol yhydroxyl compound. 5 10.The antireflective coating
conposition of any one of clains 1 to 9, where the am noplast is sel ected
fromstructure 19, O 10 where each R10 is independently CH2
-0-(CH2)n}CHd; mis 0 to 3 and R11 and R12 are independently hydrogen or
Cl-C10 al kyl .l 11. The antireflective coating conposition of any one of
clainms Itor Rihere the hydroxyl conpound is selected fromstructures 27
and 28 15 (2)

where X is ethylenic unit or substituted ethylenic unit, W is selected from an

alkylene and arylene group, and Rf; and Rf, are independently a fluoro(C4-

5 C,)alkyl group.

5. The antireflective coating composition of any one of claims 1 to 4, where
first polymer comprising the imide moiety is unit of structure (8) or (9)

R R3 Rn
R[_—>:O \} 4
10 O H © (9)

where R4, Rz and R3 are independently selected from hydrogen and (C4-C4)alkyl,
R’ is a linear (C4-Cqg)alkyl group or an (Cs-C14) aryl moiety and Rs is a direct
valence bond or is a (C4-Cqp)alkylene spacer group.

15
6. The antireflective coating composition of any one of claims 1 to 5, where

first polymer comprising the aliphatic hydroxyl moiety is a unit of structure (7)

HO R4 (7)

20
where R1, Rz and Rj; are independently selected from hydrogen and (C4-C4)alkyl,

independently selected from hydrogen and (C4-Cs)alkyl, R4 is hydrogen or an
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OHI RI71 0 NO 13r RRR14HO. .. ... NN., ,..-Ri5R16 | OH OH(27) 00H( 28)
where R13 is a spacer group, R14 is selected from hydrogen, Cl1-Cl0 al kyl,

an aryl gn (C6-C20)al kYlarYl, R15, R16 and Rl dentl
y \gﬁal{%%)s ( ) %c‘i‘hﬁzdﬁ'ﬁﬁ&f& y

a C2-C8 ene spacer. 12. A process for manufacturi

nicroelectronlc device, conprising;, WO 2011/151719PCT/182011/001229

a) providing a substrate with a first |layer of an antireflective coating
conposition fromany one of clains 1 to 11, b) coating a

phot oresi st | ayer above the antireflective coating |ayers; c)

| magewi se exposing the photoresist |ayer; 5d)devel opi ng the photoresi st

layer w t GrCajuirRAUsroBpKkahd IR, is selected from a direct bond and a (C4-Cyo)alkyt

spacer group.

7. The antireflective coating composition of any one of claims 1 to 6,

5 where first polymer comprising the aromatic hydroxyl moiety is a unit of structure

(10a) or (10b),
Rs R3 Ry R3
R, Ar—©H, R?Zg\ _(OH),
Ry (10a) © AT (10b)

10  where Ar is an aryl moiety, where Ry, R, and R3 are independently selected from
hydrogen and (C-C4)alkyl, R4 is a (C1-Cqp)alkyl group or an (Cs-C14) aryl moiety
Rs is a direct valence bond or a spacer group Rs and Ry are independently
selected from hydrogen, (C41-C4g) alkyl group, an aryl moiety (C¢-C1s4), @ (Co-
Cs)carbonyloxyalkyl, and (C»-Cg) carbonyl, and n=1-3

15
8. The antireflective coating composition of any one of claims 1 to 7, where

the aromatic group is a unit of structure

AR R>=§\O_ R,
| AT g

R (11) o

20
where Ar is an aryl moiety, where Ry, Rz and Rj3 are independently selected from

hydrogen and (C4-Cj)alkyl, R4 is a (C1-Cqp)alkyl group or an (Cg-C44) aryl moiety

Rs is a direct valence bond or a spacer group Rg and R; are independently

selected from hydrogen, (C4-Cyp) alkyl group, an aryl moiety (Cs-C14), a (Co-
25 Cg)carbonyloxyalkyl, and (C,-Csg) carbonyil.
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devel opi ng solution. 13.The process of claim 12, where the first
antireflective coating |layer has k value in the range of about 0.05 to

about 0. 390 2881/151A40 The process of claim 12 or 13, wher ¢ctthig2dies19seSi St i s
sensitive fromabout 250 nmto about 12 nm 15. The process according

to any one of clainms 12 to 14, where the 15 devel oping solution is an
aqueous solution conprising a hydroxi de base.

9. The antireflective coating composition of any one of claims 1 to 8, where
second polymer is a reaction product of an aminoplast with a polyhydroxyl

compound.

5 10. The antireflective coating composition of any one of claims 1 to 9, where

the aminoplast is selected from structure 19,

0]
R
"{N/[kN/Rm
R11> < Rq2 (19)
I~
/N R
R10 \”/N 10
(0]

10  where each Ryg is independently CH; —O—(CH3),,—CH3 m is 0 to 3 and Ry and
R4z are independently hydrogen or C4-C,g alkyl.

11.  The antireflective coating composition of any one of claims 1 to 10, where
the hydroxyl compound is selected from structures 27 and 28
15

R14 /N N\
'?1 31/ HO/R1 5 \ﬂ/ R16\

OH OH (27) O OH (28)
where Rj3 is a spacer group, Rq4 is selected from hydrogen, C-C4¢ alkyl, an aryl
(Ce-C20), an (Ces-Coo)alkylaryl, Rys, Rig and Ry7 are independently a Co-Cg

20 alkylene spacer.

12. A process for manufacturing a microelectronic device, comprising;
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WO 2011/151719 PCT/1IB2011/001229

a) providing a substrate with a first layer of an antireflective coating

composition from any one of claims 1 to 11;
b) coating a photoresist layer above the antireflective coating layers;
c) imagewise exposing the photoresist layer;

d) developing the photoresist layer with an aqueous alkaline

developing solution.

13. The process of claim 12, where the first antireflective coating layer has k

value in the range of about 0.05 to about 0.35.

14. The process of claim 12 or 13, where the photoresist is sensitive from

about 250 nm to about 12 nm.

15. The process according to any one of claims 12 to 14, where the

developing solution is an aqueous solution comprising a hydroxide base.
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